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Power plants are generally considered as the lifeblood of economy and social well-
being in various developed and developing states. Thus, there is a need to effectively 
manage and control the operational processes of power plants for the continuous supply 
of electricity. Maintenance is one of the key operational processes for ensuring the 
reliability, availability and efficiency of power plants. Now, there has been great efforts 
towards enhancing maintenance of power plants. However, the complexity of 
technology encompassed in designs of new power plants and frequent maintenance in 
old power plants create difficulties for maintenance personnel to adequately cognize 
the system’s behaviour. Hence, there are still incidents of unexpected breakdowns and 
even catastrophic failures due to maintenance problems. Maintenance problems in 
power plants are complex and heterogeneous, so they are rarely caused by one feature 
or constituent of a socio-technical system. Therefore, power plants can benefit from the 
adoption of human factors engineering (HFE) which leads to systematic evaluations, 
proper identification of problems, prioritization of problems, and evolution of effective 
and practical solutions.  
Ever since HFE became a subject of scientific inquiry, several human factors models 
and tools to be integrated with maintenance and other operational processes emerged. 
The aviation industry is known to have advanced in the application of HFE in 
maintenance and has reaped a number of benefits. However, there has been little effort 
or slow pace to formally adopt HFE in maintenance of power plants.  
Even though the possible benefits of HFE are well documented, the adoption process 
needs strategic planning and a critical review of many facets for the realisation of those 
benefits. One of the key features of strategic planning is evaluating the readiness to 
implement HFE, where the current status of the organisation and its practices are 
measured against the requirements of HFE implementation and readiness criteria. 
Considering power plants in the South African context where there is lack of adoption 
or inadequate use of HFE, there was a concern with regard to factors and readiness 
criteria that could be used to embark on the readiness assessment. The problem was 
escalated by the absence of reports, guidelines and scholarly writings on the HFE 
implementation domain.  
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This study was aimed at identifying and analysing factors that form part of the HFE 
implementation readiness criteria, as well as establishing a framework for determining 
the readiness to implement HFE in maintenance of power plants. HFE success factors 
were identified and integrated with the attributes of implementation science and 
innovation diffusion theory to formulate the HFE implementation readiness criteria.  
The study was deductive, quantitative, as well as descriptive cross-sectional, and it 
adopted a purposive sampling technique. The descriptive statistics, exploratory factor 
analysis and regression analysis were used in the analysis of data and interpretation of 
results. The proposed readiness conceptual model was found to be adequate in 
explaining the readiness to implement HFE in maintenance of power plants. Relative 
advantage, compatibility, cost, management, employee engagement, strategic planning, 
knowledge and organisational culture were found to be the important factors in 
determining the readiness to implement HFE. Among these factors, compatibility and 
cost emerged as the strong predictors of the readiness to implement HFE. 
The main contribution of the study was the successful development of a framework for 
determining the readiness to implement HFE in maintenance, specifically in power 
plants. The findings of the study added new knowledge to the emerging knowledge 
domain in a largely under-researched area of HFE implementation in the viewpoint of 
power plant maintenance.  
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The power generation industry is regarded as one of the difficult and sophisticated 
industries due to the demand of electricity supply and complexity of power plant 
systems, processes and activities. Power plants have been chosen on the basis that they 
are the heart of electricity generation for various applications such as fulfilment of 
domestic and industrial needs. Therefore, power plants require the state of the art 
operation and maintenance for the sustainable generation of electricity. Since majority 
of engineering activities in power plants are conducted by human and in case of 
automation, programming is done by human, therefore power plants are vulnerable to 
a number avoidable human errors. A significant portion of human errors occur during 
the maintenance phase (Dhillon and Liu, 2006 and Bao, et al, 2016). Now, the 
researcher argues that without unconventional maintenance interventions that 
incorporate cognitive theory, psychology and socio-technical theory encompassed in 
Human Factors Engineering (HFE), incidents and accidents due to human error may 
continue to occur further degrading the operational reliability of power plants.  
The economic climate and demands of electricity supply pose a number of challenges 
to power plant operations and maintenance. Part of the challenges or external forces 
power plants are faced with is globalization. South Africa which is the context of the 
study is faced with an issue of high quality coal being exported, hence the low quality 
coal remain for national use including power plant generation (Mwakasonda, 2007; 
Eberhard, 2011). Low coal quality leads to poor power plant efficiency and complexity 
of power plant operations and maintenance.  Another issue classified under 
globalization, is the failure of South Africa to attract adequate international investment 
which is crucial in ensuring that power plants are meeting their operational needs and 
consumer demand. Lack of investment leads to fixed or constrained budgets which 
leads to poor management decisions such as postponement of critical maintenance, 
which has been observed at Eskom (Eskom, 2016 and Eskom 2016a), which is the 
majority supplier of electricity in South Africa. The fixed budgets hinder the adoption 
of latest and advanced taxonomies and technologies including HFE principles that can 
support the enhancement of maintenance performance, thereby contributing to overall 
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equipment effectiveness (OEE). Pinder (2015) indicates that financial constraints are 
among reason for the slow pace in adoption of HFE.  
Another concern is that, the continual evolving world of technologies, global 
competitiveness, environmental and safety obligations pose a lot of challenges such as 
enhancement or optimization of operation and maintenance activities to various 
industries (Velmurugan and Dhingra, 2015). It is further stated that with proliferating 
automation and mechanization, manufacturing process in industries turns out to be 
highly sensitive to equipment and people (Velmurugan and Dhingra, 2015). It is 
therefore essential to carefully analyse the human’s role in complex technological 
systems so as to identify and reduce or prevent the shortcomings of human and to assess 
the impact of technologies on human.  
The volatility of political and economic climate in South Africa also has a negative 
effect on power plant operation and maintenance. Majority of power plants that 
generate approximately 95% of electricity in South Africa are owned by Eskom which 
is a state entity (Eskom, 2011) and (Bashe et al., 2016). The effects of economic and 
political instability have been evident through load shedding events that began in 2008, 
reoccurred in 2014/15 and also in 2018/2019. Now, the constrained electricity supply 
gave birth to a culture of postponing maintenance which then led to maintenance 
backlog (Eskom, 2016) and (Eskom, 2016a). So, the units started packing up one after 
another leading to less reliable plant suffering from unexpected breakdowns in-between 
scheduled outages (Eskom, 2016a). This management decision error due to pressure for 
continuous supply of electricity is believed to have exposed power plants to severe 
operational and maintenance problems including human error in maintenance.  
The efficiency and effectiveness of power plant equipment play a vital role in the 
overall success of a power plant to achieve its organisational objectives. Dhillon & Liu 
(2006) states that, under normal circumstances, nothing created by human is 
indestructible, but executing repairs at interims through the pursuit of maintenance can 
prolong the lifespan. Now, the success of maintenance to fulfil its objective of 
extending the useful life of a system, can be hindered by a number of human errors 
committed during the maintenance stage. Pons and Dey (2015) states that, with the 
sophistication of technology, it is steadily becoming difficult for human operators to 
adequately comprehend the system’s behaviour. Hence, there is a recurrent of human 
errors. Maintenance of power plants is also a complex undertaking, therefore human 
errors are inevitable. It as has been confirmed in the previous paragraphs that, a 
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considerable fraction of aggregate human errors happen during the maintenance phase. 
These human errors stem from various human factors. Therefore, the next step in the 
evolution of maintenance management is a maintenance performance measurement that 
includes human factors (Peach, et al., 2016). After human error became a subject of 
scientific inquiry, experts started looking for solutions to human error, then the term 
human factors engineering (HFE) emerged. HFE is concerned with the application of 
engineering, physiology, and psychology to optimize the human–machine relationship 
(Encyclopaedia Britannica, 2016). The HFE is also about the interactions among 
humans and other components of a system, aimed at the optimization of human well-
being and overall system performance (International Ergonomics Association, c2019). 
“The focus of human factors is on how people interact with tasks, with 
equipment/technologies, and with the environment, in order to understand and evaluate 
these interactions” (National Research Council, 2011). Now, for tasks to be completed 
people must also interact with other people, procedures, tools and technology.  Figure 





Figure. 1. 1: Human factors interactions 
 
According to Peach, et al., (2016), human factors in maintenance are popular in the 
aviation industry, as it gradually developed in the early 1990s following a series of 


















frameworks have been developed for the aviation industry especially in the US to 
address the issue of human errors in engineering systems design and maintenance. The 
application of HFE principles in maintenance across the aviation industry has resulted 
in overall equipment effectiveness and harmonious human-machine relationships. 
However, the research and industry reports on human factors and guidelines or 
frameworks for implementation of HFE principles in maintenance let alone in power 
plants are disappointingly absent. There are various reasons that lead to failure or slow 
pace of adopting HFE principles in other industries including power plant industry. 
These reasons include financial considerations, lack of management interest and 
commitment to HFE, lack of specific HFE knowledge, awareness and tools, no added 
value perception, inadequate organisational cultures Pinder (2015); Chung and 
Shorrock (2011); Goodman et al (2006) lack of influence from HFE specialists and lack 
of guidelines or roadmaps to facilitate the implementation of HFE principles (Pinder, 
2015). This study is aimed at developing a strategic framework for assessing the 
readiness to implement HFE in maintenance of power plants. Shea et al. (2014) states 
that prior to establishment of a succinct, reliable, and accurate measure, the scientific 
knowledge related to dimensions or outcome variables of readiness cannot be advanced. 
So, this study applies the HFE readiness criteria in power plants to test their readiness 
to HFE implementation. The dimensions for the implementation of a new intervention 
or innovation that are relevant to HFE implementation and application were extracted 
from the implementation science Peters et al. (2013) and diffusion of innovation theory 
(Rogers, 1983). These dimensions include: relative advantage, compatibility (Rogers, 
1983; Peters et al, 2013), cost and adoption (Peters et al, 2013). Figure 1.2 below 
























Figure 1. 2: Basic conceptual framework 
 
The HFE success factors were identified through a careful review of literature and five 
of them were shortlisted on their relevance to power plant industry. They were also 
shortlisted on the basis that they would give adequate explanation of the current 
situation in South African power plants.  These factors were management, employee 
engagement, strategic planning, knowledge, and organisational culture and wer 
extracted from authors such as (Pinder, 2015; McCafferty, 2002; American Bureau of 
Shipping, 2014; Carthey, 2013).  
In order to deal with the inevitable human errors in maintenance of socio-technical 
systems such as power plants, the unconventional engineering solutions that 
incorporate cognitive theory, psychology and socio-technical theory such HFE 
principles should be adopted. Now, the incorporation of HFE principles will assist 
power plants to identify human errors committed during maintenance, their causal 
factors and their impact on systems failure and substandard performance. It will enable 
them to reduce or prevent and manage human factors responsible for human error, 
hence improve maintenance performance and overall equipment effectiveness (OEE). 
 
1.2. STATEMENT OF THE PROBLEM 
 
Power generation industry is a lifeblood of economy in any developed and developing 
state, including South Africa. Therefore, its systems must be kept operating effectively 




HFE Success Factors 




power generating sector experienced its first damning challenge of shortage of power 
supply, where for months there were rotational load shedding. Ever since 2008 there 
has been efforts to improve the current constrained electricity supply system, including 
the introduction of new power plants which are currently under construction. The 
greatest challenge is to keep the lights on and industrial machines operating within such 
a constrained system using the existing power plants of which many have exceeded 
their operational life. Hence, from time to time there are issues of load shedding due to 
unexpected outages and breakdowns. In South Africa, Eskom is the majority (95%) 
supplier of electricity, hence many articles and reports on South African power industry 
are related with Eskom. Around 2014, there has been a considerable rise in breakdowns 
or unplanned maintenance in power plants (between 5000MW to 9000 MW) resulting 
into worsening of reliability of power systems (Eskom, 2014). Hence, in 2014 load 
shedding was reintroduced for the first time since 2008 (Niselow, 2019). According to 
Niselow (2019), the load shedding was reintroduced in 2015, 2018 and 2019 due to 
breakdowns, unanticipated high number of outages and design flaws in capital projects 
Medupi and Kusile. In 2015, Eskom indicate that they would put to an end the frequent 
blackouts as a result of enhanced planning system and an enhanced scheduled 
maintenance system. This is also an indication that majority of problems are associated 
with maintenance.  According to Kemp (2014) as cited in Mahlangu and Kruger (2015), 
Eskom has been severely criticized for substandard maintenance, now, poor 
maintenance and ageing plants have been regarded as key causal factors of the load 
shedding issues and unplanned outages.  It has also been reported that the critical 
maintenance had not been conducted in some of Eskom’s power plants, and this led 
poor quality of maintenance (Donnelly, 2019). It is further stated that the department 
of energy confirmed that 40% of plant breakdowns were due to human error (Donnelly, 
2019).  
There is a good deal of research that has been conducted globally on human factors 
with an aim of reducing and managing human errors in maintenance, specifically in the 
US aviation industry. It is clear from a scan of human factors engineering (HFE) 
literature and some industry reports that a number of industries such as aviation are 
already achieving benefits of HFE principles adoption thereby improving their 
maintenance performance and overall equipment effectiveness. However, research on 
human errors in power plant maintenance specifically in South Africa is very low and 
studies on implementation of HFE are disappointingly absent. There is no 
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comprehensive framework developed to facilitate the implementation of HFE 
principles in maintenance, let alone power plant maintenance. This serves as a barrier 
to implementation of HFE principles (Pinder, 2015). The other factors that hinder the 
adoption of HFE principles are lack of HFE training, limited expert users within the 
industry (Pinder, 2015). The report by American Bureau of Shipping (2014) does 
highlight the critical factors of HFE implementation in design, however, it does not 
incorporate the variables from the implementation research and diffusion of innovation 
theory. It also eliminate some of the critical success factors identified in the HFE 
literature, so it has very limited information to be used when implementing HFE. One 
of the aims of this study is to close this gap. Now, the implementation process needs 
appropriate strategic planning and analytical evaluation of various aspects. There 
should be a consideration of several factors, but the most critical one is the assessment 
of the organisation’s readiness.  So the following research question arises: 
 
What are the factors that determine the readiness to implement human factors 
engineering (HFE) in maintenance of power plants? 
 
This study consequently attempts to answer this question by developing a framework 
for assessing the readiness to implement HFE in maintenance.  This framework will be 
applied in South African power industry to measure the readiness level of the HFE 
adoption dimensions within the industry. Finally, the framework will serve as a 
guideline for power plants that intend to adopt HFE principles. The framework 
describes the comprehensive implementation and readiness criteria and dimensions 
which covers aspects such as relative advantage, compatibility, cost and HFE success 
factors for power plants within the South African context. The HFE success factors are 
classified into five domains: management, employee engagement, strategic planning, 
knowledge and organisational culture. At the same time, in the very same context of 
South Africa, the implementation of HFE has not yet been recorded in documents to 
form part of the public reports of good practice, implementation roadmap or framework. 
The absence of these reports necessitate the evaluation of the current status of HFE 
implementation prior the identification of the readiness criteria. It also evaluates the 
level of HFE knowledge among the maintenance role players within the industry. Based 
on the reasons stated above, it is clear that there is a need to continue with the study of 
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HFE implementation in maintenance of power plants specifically within the South 
African context.   
 
1.3. OBJECTIVES AND HYPOTHESIS 
 
1.3.1. AIM AND OBJECTIVES  
 
The main aim of the study was to develop a framework for assessing the readiness to 
implement HFE in maintenance of power plants within the South African context.  
In order to achieve the main aim of this study, the following objectives were suggested:  
 To establish the status of HFE implementation in maintenance of South African 
power plants.  
 To evaluate the perceptions of maintenance personnel from South African 
power plants with regard to the importance of implementing HFE.  
 To develop, test and validate the conceptual model built upon various factors 
for assessing the readiness to implement HFE in power plants. 
 To determine the predictive capability of each model construct in predicting the 
readiness to implement HFE on its own.  
 To describe the current situation in South African power plants with regard to 
the readiness to implement HFE in maintenance.  
 
1.3.2. HYPOTHESIS STATEMENT  
 
Hypotheses are regarded as specific expectations extracted from the theoretical 
framework (Latusek and Gerbasi, 2010). They are used to give direction to the scientific 
investigation for the evolution of knowledge.  The aim of the hypothesis is to bring 
simplicity, precision and direction to a research problem, but are not vital for a research 
study, which means a rational research inquiry can still be performed without 
formulating a single formal hypothesis (Kumar, 2011). In line with the research 






HM: Human factors engineering determinants which are relative advantage, 
compatibility, cost, management, employee engagement, strategic planning, 
knowledge and organisational determine the readiness to adopt human factors 
engineering.  
 
Then the constructs of the hypothesised model were examined individually to see if 
there are any constructs that give statistical significance. This aims was to check the 
predictive capacity of each construct in determining the readiness to adopt HFE, thereby 
pointing out key focus areas. The constructs were derived from requirements of 
successful use of HFE. The following sub-hypotheses were formulated based on these 
constructs:  
 
H1: Relative advantage determines the readiness to implement human factors 
engineering. 
H2: Compatibility determines the readiness to implement human factors engineering.  
H3: Cost determines the readiness to implement human factors engineering.  
H4: Management determines the readiness to implement human factors engineering. 
H5: Employee engagement determines the readiness to implement human factors 
engineering. 
H6: Strategic planning determines the readiness to implement human factors 
engineering. 
H7: Knowledge determines the readiness to implement human factors engineering. 
H8: Organisational culture determines the readiness to implement human factors 
engineering. 
 
Based on literature, it was also believed that there is lack of adoption of HFE in power 
plants, specifically in South Africa. This can be due to lack of awareness of HFE and 
lack of influence from HFE specialists within industries (Pinder, 2015).  
The aim of a hypothesis among other things is to guide and construct the study and to 
create a connection between the secondary data (theoretical research) and the primary 
data (empirical research), hence result in the amplification of knowledge. Since the 
hypothesis has such a great objective, it is necessary to establish whether the proposed 




1.4. SCOPE OF THE STUDY  
 
The major reason for having the scope of research is to narrow down the area of research 
and create the restrictions to what should be investigated. The limitation of the research 
scope is discussed as follows:  
 
HFE Implementation:  adoption (uptake or intention to try) 
The implementation research has various outcome variables that are in line with the 
stages of implementation. According to Peters et al. (2013), these implementation 
outcome variables are: relative advantage, compatibility, cost, adoption, feasibility, 
fidelity, coverage and sustainability. This study focused on relative advantage, 
compatibility, cost and adoption since they are more relevant for organisation that have 
not adopted or are in early stages of implementation. The study also aims to assist 
organisations with a guide on critical factors that need to be considered when adopting 
or intending to adopt HFE.  
 
Context of Research: power plants 
The focus of this research is on power plants rather than all organisations that may need 
to adopt HFE principles into their engineering systems. The target is the entire power 
plant industry in South Africa so as to reach out to a number of power plant practitioners 
working at private and public power plants. This will assist the researcher to influence 
a major portion of the industry towards the adoption of HFE in their maintenance 
processes. Power plants were chosen on the basis that they are key to economy and 
wellbeing and they have also suffered from human errors. Since they are sophisticated 
systems, it was deemed proper to address them separately without mixing them with 
other industries, even though they may be areas of congruence.   
 
HFE Application: maintenance 
Within the power plant context, the study is limited to maintenance. Setting this 
boundary will support the establishment of a clear and understandable guideline which 
is process specific, rather than focussing on all processes which might cloud the critical 
aspects relevant to maintenance. Another reason for restricting it to maintenance, is that 
power plant maintenance is a complex undertaking which involves a number of systems 
and stakeholders.    
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Respondents: maintenance personnel (managers, engineers, technicians and others) 
and personnel from technical projects and services who from time to time support 
maintenance and operations.  
Since this research is limited to adoption (uptake or intention to try), the respondents of 
the study are the prospect adopters that will be affected by the adoption should the 
power plants decide to adopt HFE. These are people who are part of the process who 
from time to time feel the need to improve the processes, hence this study will benefit 
from their perceptions. Now, the data that will be collected will be assessing the 
readiness to implement HFE.  The study will be examining the respondents to get their 
perception on the importance of certain aspects of the readiness criteria and the status 
of maintenance practices with regard to readiness to implement HFE. The rationale in 
choosing these participants is that most of HFE activities are performed within this level 
with regards to interactions, information sharing, communication and even decision for 
improvement begin at this level.  
 
Area of exploration: relative advantage, compatibility, cost, management, employee 
engagement, strategic planning, knowledge, organisational culture with regard to 
readiness to implement HFE.  
Conceptually, this study engaged the HFE implementation concept by unearthing the 
criteria or dimensions of HFE implementation. The study used the HFE literature, 
implementation science and diffusion of innovation theory to create the conceptual 
model based on these factors of exploration. 
 
Research Methodology: quantitative, descriptive research, cross-sectional survey and 
purposive sampling.  
Due to time constraints, cost and even inaccessibility of participants the study relied on 
the quantitative and cross sectional survey only. However, it should be noted that 
additional comments of the respondents were analysed, coded and interpreted following 
the guidelines of the qualitative research to supplement the results of the quantitative 
survey. The purposive sampling was used based on the criteria that participants are from 
power plants and must have knowledge of maintenance and technical processes. 
Finally, the analysis was descriptive in nature even though the hypotheses were 
proposed, but they were rather inferred than proven.  
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1.5. PRELIMINARY LITERATURE REVIEW 
 
Maintenance is one of the processes are greatly reliant on knowledge and competence 
of human operators and is affected by several factors of interrelation such as 
organizational hierarchy, work design, cognitive factors, and environment triggering 
the immanent reliability challenges within the system. Now, the sophistication of 
technology in new power plants and frequent maintenance in old power plants 
progressively makes it difficult for maintenance personnel to properly comprehend the 
system’s behaviour. Hence, an opportunity for human errors to emerge or reoccur is 
created. Research studies such as NOPSEMA (2015); Dumitru and Boşcoianu (2015); 
Drury (2000); Begur and Babu (2016); Wiegmann and Shappell (2003); Pons and Dey 
(2015) estimated human error as a prime causal factor of about 70-80% of most 
equipment failures, incidents and accidents. Figure 1.3 below presents a statistical 




Figure 1. 3: Statistical graph of causes of aviation accidents (Source: Federal Aviation 
Administration, 2012) 
 
The larger portion of total human errors is committed during maintenance (Dhillon and 
Liu 2006); (Bao, et al., 2016). About 15% - 20% of equipment failures are due to 
maintenance error (Begur and Babu, 2016); (Drury, 2000). Human error is defined as a 
failure to execute a particular function (or execution of a prohibited action) leading into 
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disturbance of planned operations or breakdown of equipment and plant (Dhillon, 
2009). These human errors stem from various human factors (e.g. poor management, 
communication and organisational culture). According to Myszewski (2012), human 
errors are examples of ineffectiveness of the organization. NOPSEMA (2015) argues 
that the proposition of human error as a threat is inaccurate, but rather, the potential for 
human error represents a barrier-defeating factor. Human errors stem from various 













Figure 1. 4: Causes of occurrence of maintenance errors (Source: Dhillon, 2014) 
 
This study focuses on maintenance of power plants within the context of South Africa. 
In South Africa, about 95% of power plants are owned by Eskom, a state owned entity, 
hence many reports and studies report on Eskom. The South African power plants, 
specifically Eskom has been lambasted for poor maintenance and ageing power plants 
that contribute to the constrained power supply, load shedding issues and unplanned 
outages (Kemp, 2014 as cited in Mahlangu and Kruger, 2015). It has also been reported 
that the critical maintenance had not been conducted in some of Eskom’s power plants, 
and this led poor quality of maintenance (Donnelly, 2019). It is further stated that the 
department of energy confirmed that 40% of plant breakdowns were due to human error 
(Donnelly, 2019). Human error associated with maintenance at Eskom have costed the 
South African economy billions of rands. It was reported that the explosion at Duhva 
which costed the South African economy ZAR3.5 billion, was due to human error, lack 
of personnel and shutdown mechanism that did not work, since there was no one in the 
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control room (Eybers, 2011). It is further stated that this incident happened during the 
routine check. The second major incident was the shutdown of one of the units at 
Koeberg after the personnel working on the scaffolding in preparation for maintenance 
accidentally touched the main generator transformer (Tempelhoff, 2015). It is further 
indicated that this incident costed the South African economy ZAR7.5 billion. It is 
apparent that this incident is due to human error. Cox (2015) indicates that the incident 
occurred because of incorrect positioning of the scaffolding, which could be prevented 
by doing a briefing to identify the possibilities of risks and errors.  A culture of deferring 
maintenance emerged at Eskom (90% producer of electricity in South Africa) leading 
to maintenance backlog (Eskom, 2016, Eskom, 2016a). Hence, the units started packing 
up one after another leading to less reliable plant suffering from unexpected 
breakdowns in-between scheduled outages (Eskom, 2016a). Deferment from 
maintenance can be classified as a management decision error which also forms part of 
human errors.   Badenhorst and Van Tonder (2004) revealed that a considerable amount 
of trips in South African power plants are due to operator errors. Recommendations 
were made in this study with regard to models and principles that can be used in power 
plants to reduce human errors, thereby improve their operations. A study by Peach et 
al. (2016) that focussed on the electricity transmission industry in South Africa found 
the critical human performance factors such as competence and motivation. The other 
factors presented in this study are supervision, workload and feedback. These are 
known to be contributory factors to human error, and when strengthened they can serve 
as defences/barriers to occurrence of human errors.  
Over the years in the aviation industry as they were looking into human errors’ 
contribution to aircrafts failures, a concept called “Human Factors Engineering (HFE)” 
emerged. “According to the International Ergonomics Association (2018), human 
factors engineering means “the scientific discipline concerned with the understanding 
of the interactions among humans and other elements of a system, and the profession 
that applies theory, principles, data, and methods to design in order to optimize human 
well-being and overall system performance”. Therefore, HFE is used to analyse and 
cognise the interactions between human and machines, human and tools, people and 
people, human and procedures, and human and environment to enhance the human-
machine system performance.  
Peach et al., (2016) indicates that human factors in maintenance are most common in 
the aviation industry, as it began evolution in the early 1990s. Since then, a number of 
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human factors models and guidelines for analysing, understanding and managing 
human errors have been developed. Some of these models are, the Swiss Cheese Model 
(Reason, 2000), (Pons and Dey, 2015); SHELL Model, (Dumitru and Boşcoianu, 
2015); Maintenance Error Decision Aid (MEDA) (Dhillon and Liu, 2006); Cockpit 
Resource Management (CRM) technique (Dhillon and Liu, 2006) and Mathematical 
Models (Dhillon and Liu, 2006). The adoption of these models in maintenance have 
resulted in reduction of human errors, enhanced safety and reliability, and cost 
reduction (Dhillon, 2009). However, there is limited research and industry work on 
human factors in maintenance of power plants, specifically in South Africa. There is no 
implementation integrated framework for facilitating the implementation of HFE in 
maintenance. The studies performed in South Africa Badenhorst and Van Tonder 
(2004) and Peach at al. (2016) were focusing on the identification of human errors and 
their causal factors, but not on the implementation criteria and dimensions. 
There is also no comprehensive framework that was identified from literature that is 
aimed at the implementation of HFE in maintenance or that explicitly identify the 
critical success factors. The report by American Bureau of Shipping (2014) does present 
the critical factors of HFE implementation in design, however, it does not incorporate 
the variables from the implementation research and diffusion of innovation theory. It 
also eliminate key success factors identified from the HFE literature, so it has very 
restricted information to be used when implementing HFE. One of the aims of this study 
is to close this gap.  
The adoption of HFE principles in maintenance can be faced with a number of 
challenges such as issues of organisational structures and cultures, general resistance to 
change and wider managerial issues as stated by (Timmons et al., 2014). In the studies 
by Pinder (2015), Chung and Shorrock (2011) and Goodman et al. (2006), financial 
considerations (e.g. fixed budgets), lack of management commitment, lack of specific 
HFE knowledge, awareness and tools, no added value perception, non-conducive 
organisational culture, lack of time, too much effort required to implement, lack of 
guidelines and lack of influence from HFE specialists were regarded as key barriers to 
implementation of HFE. The researcher aims to influence the industry through this 
study and also present the conceptual model as a guide for adoption of HFE and also 
for assessing organisation’s readiness to implement.  
The successful implementation of HFE principles in maintenance of power plants is 
dependent on the key success factors to implementation. Dumitru and Boşcoianu (2015) 
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indicates that HFE education is one of the key elements in the application of human 
factors for prevention and management of human errors.  The findings of the study by 
(Pinder, 2015) revealed research, top management commitment, communication, 
training and education, skills and expertise, planning (e.g. procedures, responsibilities, 
staffing, etc.), organisational configuration, positive attitude and monitoring systems as 
promoters for implementation of HFE principles in engineering systems. These critical 
success factors were integrated with variables for implementation research and 
diffusion of innovation theory to establish the criteria and dimensions for HFE 
implementation. The dimensions for HFE implementation derived from 
implementation science, innovation diffusion theory and HFE success factors are as 
follows:  
 Acceptability (Relative Advantage) - the perception among the relevant 
individuals of the organisation that an intervention is acquiescent (Peters et al., 
2013; Chaudoir et al., 2013; Jafni et al., 2017). 
 Appropriateness (Compatibility) - the perception that the intervention is fit or 
pertinent to a specific context or for a specific prospective audience or problem 
(Peters et al., 2013; Jafni et al., 2017). 
 Cost - the increscent cost of implementing or using the intervention and total 
cost which include the intervention itself (Peters et al., 2013). 
 HFE Success Factors – these were categorised into five domains and were 
extracted from a number of scholarly writings such as (Pinder, 2015; 
McCafferty, 2002; American Bureau of Shipping, 2014; Carthey, 2013 and 
others) include: management, employee engagement, strategic planning, 
knowledge and organisational culture.  
 Adoption (Uptake or Intention to try) - the intention, initial decision, or action 
to try to employ a new intervention (Peters et al., 2013; Chaudoir et al., 2013). 
Jafni, (2017) views adoption as pre-implementation. 
  
1.6. RESEARCH METHODOLOGY   
 
The thesis is aimed at transforming doxology of the hypothesis through epistemology 
of literature review and results. A positivism research philosophy which is based on the 
idea that, reality is firm and can be discerned and elaborated from an objective view 
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point was adopted. A deductive research approach was used to develop theory from 
previous literature, to derive key factors and hypotheses, and analysis of whether the 
hypothesis is supported or not supported. Scholarly writings such as books, journals 
and conference papers, industry reports, white papers and media reports were reviewed. 
The literature review was used to develop the conceptual research model and to create 
the questionnaire for data collection. The study applied the relevant variables of 
implementation science, innovation diffusion theory and HFE success factors. The 
definition brought forward by Bhattacharyya et al. (2009) eliminates barriers, it only 
indicates that, the implementation research is the scientific study of techniques to 
encourage the systematic uptake of research findings and other evidence-based 
practices into routine practice, and hence to improve the quality and effectiveness of a 
process. On the other hand the diffusion of innovation theory is about communicating 
the innovation through specific channels over a certain period among stakeholders of a 
social system or for the dissemination of innovation (Roger, 1983). According to 
Rogers (1983) the innovation is concept, process, or item that is regarded as new by a 
person or other entity of adoption. It is further stated that the newness does not just 
include new knowledge, but an individual may have knowledge about the innovation 
but not yet gained interest or dislike toward it, nor have adopted or rejected it. It is 
essential to measure the readiness of the industry to implement the innovation or new 
intervention. Now, the implementation research variables and aspects of diffusion of 
innovation theory were integrated with HFE implantation criteria and dimensions to 
form the conceptual framework. Then, the proposed implementation framework was 
applied in South African power plants by conducting a quantitative survey to assess 
readiness level to implement HFE in power plants.   
The study was descriptive in nature, quantitative, as well as cross-sectional and it 
adopted a purposive sampling technique. Furthermore, a descriptive statistical analysis 
was used to test the positive and statistical influence of the dimensions of the HFE 
implementation readiness criteria. A questionnaire designed according to five Likert 
scale (strongly disagree, disagree, slightly agree, agree and strongly agree) was 
developed to address the objectives and hypotheses of the research study. The 
questionnaire was first distributed to a sample of ten respondents as a pilot study to test 
the applicable validity of the measuring tool. After testing the validity, the questionnaire 
was then be distributed to a sample of the target population following a purposive 
sampling method which focused respondents that are involved in maintenance, 
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technical projects and services related to maintenance of South African power plants. 
The quantitative data collected was analysed using the statistical tools such as 
Cronbach’s alpha for reliability test, exploratory factor analysis for construct validity 
and regression analysis for model and construct significance. The Statistical Package 
for the Social Sciences (SPPS) was used for data analysis involving deeper 
interpretation of results, under the guidance of the statistician from STATKON. Figure 



























Figure 1. 5: The workflow of the survey in power plants 
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The study also partially adopted the qualitative research method for the analysis, coding 
and interpretation of additional comments collected through the survey questionnaire. 
For if they are properly analysed they provide rich data to supplement and interpret 
unexpected outcomes. Often, times researchers fail to properly analyse due to time and 
lack of prior planning. According to Decorte et al. (2019) argues that researchers should 
only make provisions for additional open comments if they are prepared to analyse 
them, for disregarding these data could be regarded as unethical. This makes perfect 
sense since when answering the questions, the respondents subject themselves to the 
burden of response. Hence, their efforts should be recognised by appropriately 
analysing, interpreting and incorporating these comments in the study.  
 
1.7. SIGNIFICANCE OF THE STUDY 
 
This research study made the following theoretical and practical contributions to current 
HFE and maintenance body of knowledge and practice:  
 Many researchers focusing on HFE have emphasized the importance of applying 
HFE principles in maintenance (Peach et al, 2016, Badenhorst and van Tonder, 
2004; Pons and Dey, 2015; Deac et al, 2010). However, it is not many reports or 
studies that address HFE implementation as a concept. Among others, the American 
Bureau of Shipping (2014) attempted to address some elements of HFE 
implementation concept in design in a form of a guideline. This report was not based 
on the empirical data but rather on practical application. Pinder et al., (2015) 
reviewed barriers and promoters to HFE implementation and shortlisted key 
elements, it was a review study on requirements of successful use of HFE. Authors 
such as Timmons et al. (2014) covered critical aspects of HFE implementation, 
however they did not create a conceptual model or general guidelines. Hence, this 
study makes a unique contribution to the field of HFE by creating a model for 
assessing the readiness to implement HFE. It creates a platform for discussions and 
debate among researchers since it is the first of its kind. The model is founded upon 
the HFE success factors, implementation science for intervention in healthcare and 
innovation diffusion theory for dissemination of innovation.  
 The study described the situation in South African power plants in terms of their 
capability to implement HFE in their maintenance processes.  
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 This study provides a generic framework to guide organisations that intend to adopt 
HFE as to which elements of their systems they should focus their efforts on and 
which ones to prioritise.  
 Furthermore, the research study provides power plant managers/decision makers, 
maintenance personnel and scholars with knowledge and understanding of specific 
drivers of the intention to use HFE or factors that would encourage them to adopt 
the HFE.  
 The study inferred and proposed hypotheses for further investigations in various 
settings.  
Further discussions and classification of the contributions of the study are found under 
conclusions which are covered in Chapter 6.  
 
1.8. ETHICAL STATEMENT  
 
In a study that involves human, all the ethical issues, must be considered (Johnstone, 
2009). According to (Kumar, 2011) all fields of study are governed by code of ethics 
that have advanced throughout the years to incorporate the changes in ethical behavior, 
values, needs and presumptions of those who are part of a particular field. The critical 
ethical matters uncovered by the study conducted by Fouka and Mantzorou, (2011) are 
as follows:  
 Consent to participation,  
 Beneficence (no harm) 
 Respecting anonymity and confidentiality  
 Respecting for privacy. 
To comply with the ethical considerations presented above the researcher in this study 
requested the ethical clearance from the relevant ethical committee within the 
university. A brief proposal of the study, the questionnaire and letter to request 
participation from respondents with consent section was submitted and clearance was 
given. The letter followed the guidelines of the university and it incorporated the 
following: 
 Voluntary and risks  
 Benefits  
 Justice  
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 Consent  
The confidentiality was also promised to participants since it is important in the studies 
of this nature to protect the participants from being identifiable.  
 
1.9. OVERVIEW OF CHAPTERS  
 
This section presents the overall structure of the thesis. Each chapter of the thesis is 
briefly discussed as to what it entails. This chapter categorises the research steps into 
four categories, the fundamental studies, retrospective studies, prospective studies and 
research finalization. 
 
Chapter 1 (Introduction): This chapter provides a brief background of the study, 
problem statement, objectives, hypothesis and scope of work. It also incorporates the 
aim of the research, fundamental concepts and the method in which the study will be 
conducted. This chapter also presents the conceptual research framework.  
 
Chapter 2 (Literature Review): This chapter presents the review of scholarly writings 
with specific to human factors engineering (HFE). It gave the background of the 
maintenance practices and challenges within the South African power plants, so as to 
introduce the reader to the context of the research. It reviews the previous studies in the 
HFE body of knowledge with the specific focus on concepts, application, trends and 
implementation needs.  
 
Chapter 3 (The Conceptual Model): This chapter presents the hypothesis 
development and the conceptual model of the study. 
 
Chapter 4 (Research Methodology): This chapter explains the methodology adopted 
in this research study. It explains literature review process and related features in which 
this study was built upon. It then, explains the quantitative research which was 
administered through survey questionnaire.  
 
Chapter 5 (Results and Analysis): This chapter presents the research findings. The 
survey data collected from power plants are presented in a statistical format. It then 
presents the additional comments using a table.  
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Chapter 6 (Discussion): This chapter discusses the research findings presented in 
Chapter 5. It also discusses the qualitative additional comments. Finally, it leads to 
refinement of the conceptual model.  
 
Chapter 7 (Conclusions and Recommendations): Conclusions and recommendations 
drawn from the findings are presented in this chapter. It also outlines the contributions 
of the study and makes recommendations for future research work based on the 
restrictions due to scope of study and time restrictions.  
 
1.10. CHAPTER SUMMARY  
 
This chapter proposed the research to be undertaken. It provided a brief overview of the 
background to the study. It also discussed the main aim and objectives that will be used 
to guide the study. It also explained the hypotheses that guided the study. It also 
highlights the research philosophy, methodology and design. This chapter also 































The constituents of human factors engineering (HFE) concept have been a segment of 
human undertaking for a very long time, however it is not long ago they have become 
a subject of scientific enquiry. The interest of disseminating HFE as a systematic and 
meticulous theory lies within its constituents, philosophies and approaches that have 
been used globally in various industries, but more specifically in the aviation industry. 
However, the concept is not always apprehended and this hinders the implementation 
or full exploitation of this systematic approach to optimize human-machine 
relationships. This chapter aims to provide various discussions with regard to main 
concepts of literature review. The first part to be addressed is the background where 
concepts such as maintenance definitions, objective, and strategies will be discussed. 
The maintenance practices and strategies adopted in the South African power plants 
will be identified and analyzed. This section will also carefully examine and discuss 
challenges faced by South African power plants such as load shedding, postponement 
of critical maintenance, human error in maintenance, deterioration measured against 
key performance indicators (e.g. energy availability factor -EAF) and other challenges. 
Then the initiatives taken or proposed so far to address these issues will be reviewed 
and discussed. 
 
The second part aims to unearth and analyze relevant literature associated with Human 
Factors Engineering (HFE) with the central focus on the concepts, application, trends 
and implementation or adoption requirements and critical success factors. Hence, the 
HFE principles, approaches and models or frameworks, people’s behavior with regard 
to technical systems, benefits of HFE and barriers to implementation are discussed to 
serve as the basic knowledge that supports the research objectives and clarification of 
the scope of work. The last part of the literature review discusses the implementation 
research and dimensions and criteria for HFE implementation. Four main success 
factors, that is, relative advantage, compatibility, cost and adoption were used to create 




Now, this study aims to develop a strategic framework for the implementation of HFE 
in maintenance of power plants. So in this chapter, a number of scholarly writings and 
industry reports are used to identify the origins, trends and current state of human 
factors engineering, especially in relation with implementation or adoption and 
application to maintenance.  The similarities, differences, arguments and contributions 
made by various authors are synthesized to serve as a source of secondary data aimed 
at the creation of the strategic adoption framework. The main reason for this chapter is 
to identify the gaps within the human factors literature with an aim of closing the main 























Figure 2. 1: Interrelated dimensions that influence the adoption of HFE 
 
This literature review serves as a secondary data used to develop the conceptual 
research model and to contextualize the study. It is also used in the analysis of empirical 
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data collected from the power plant industry of South Africa. The other reason is to 
justify the originality and relevance of the study. 
  
2.2. OVERVIEW OF MAINTENANCE  
 
In the past, for an organization to have a maintenance department was considered an 
essential aspect but an expensive leisure (Coetzee, 1998). Many non-engineering 
management personnel viewed maintenance activities as an optional luxury that 
produces no tangible benefit (CIBSE, 2008). This perception about the maintenance 
process completely disregards the reality an appropriately managed maintenance 
process generates and sustains acceptable levels of plant operability, reliability and 
availability (Coetzee, 1998). This notion can also lead to inadequate allocation of 
resources and budget for maintenance activities and improvement initiatives. The 
maintenance process is an imperative element of any asset intensive company, and 
should assist the company to attain its business objectives (Mungani and Visser, 2013). 
Maintenance personnel should regard themselves as components of the overall 
production strategy in order for maintenance to make amneaningful contribution to the 
business enterprise (Waeyenbergh and Pintelon, 2002). Over the years there has been 
improvements in perceptions with regard to maintenance. In various industries, 
maintenance is now taken as an integral part of the production process and key to 
attainment of overall business objectives. Now, based on Figure 2.2 it is clear that there 
has been an increase of awareness on maintenance issues over the years. This figure 
also illustrates that organizations that require adequately organized programs must 




























Figure 2. 2: Maintenance: evolution and growth (Source: Shenoy and Bhadury, 2005) 
 
Lately, enhanced awareness with regard to environmental safety, product quality and 
value of services, makes the maintenance process to be one of the instrumental activities 
leading to the success of the industry (Schokry, 2010). In recent years, the target has 
been to establish a maintenance strategy that evaluates the necessity for conducting 
maintenance activities prior breakdown (Ravnå and Schjølberg, 2016). Now, condition 
based maintenance is such an approach that assesses the condition of the 
equipment/parts using technology (Ravnå and Schjølberg, 2016).. Condition based 
maintenance is explained in following sections of the study. The best maintenance 
strategy is the one that integrates various approaches and apply them according the type, 
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2.2.1. DEFINITIONS AND OBJECTIVES OF MAINTENANCE 
 
There are various definitions of maintenance that have been coined by various 
researchers and institutions working on maintenance over the years. Hence, it is vital to 
define maintenance accordingly to suit the context of this research study.  
According to British Standard 3811:1993 maintenance is defined as, the mixture of all 
technical and administrative activities, inclusive of supervision actions, aimed at 
retaining an item in, or restore it to, a condition in which it can perform a required 
function.  One of the most important aspects of this definition is the integration of 
technical and administrative actions as opposed to bias toward technical activities.  
Biasness towards technical activities and marginalization of administrative and 
managerial activities in maintenance can lead to a culture of just fixing or replacing the 
equipment, without adopting a holistic approach that looks to both technical and human 
related causes of failure.  The previous definition is supported by EN 13306:2010 where 
maintenance is defined as the amalgamation of all technical, administrative and 
managerial activities throughout the life cycle of an item intended to retain it in, or 
restore it to, a condition in which it can perform the required function. This definition 
adds two things to the previous one, that is, managerial actions and life cycle of an 
equipment. The success of maintenance is dependent on the commitment and total 
support of management, hence managerial actions are key in maintenance. This 
definition also fosters the attention of maintenance to the life span of the equipment, 
that is from acquisition to operation until disposal as opposed to only focusing on 
operation interval.  
Dhillon (2002) defines maintenance as all proper activities intended to retain an 
component/equipment in, or restoring it to, a desired state. This is a generic definition 
that does not specify the nature of actions to be taken, instead it accommodates all 
actions aimed at keeping the equipment operating within good work conditions. 
Maintenance can be also viewed as measures taken for accidental failure’s prevention 























Figure 2. 3: Measures of preventing the accidental failures (Adapted from Deac et al., 
2010) 
 
One of the critical aspects of maintenance is the incorporation of failure analysis with 
the aim of identifying roots causes of failure and recommending preventive measures. 
Improvements can be initiated when the maintenance process incorporates failure 
analysis. Now, EN 13306:2010 defines failure analysis as “a analytical and methodical 
evaluation of equipment modes of failure and causal factors prior to or posterior to 
failure in order to unearth the unintended outcomes of failure including the likelihood 
of its occurrence.” Failure analysis relies on proper root cause analysis. So, root cause 
failure analysis is about proactively searching for basic causes of plant/equipment 
failure with the key focus on efficiently and economically establishing the source of a 
problem (Dhillon, 2002). It is further stated that it aims to remedy the cause of the 
problem, not just its impact but entrench a idea of “fix forever,” and supply the essential 
data in eliminating the problem. 
It is the effort of the maintenance activities to assist the production activities with 
sufficient levels of operability, reliability and availability of equipment at a reasonable 
cost (Coetzee, 1998). Figure 2.4 presents a number of maintenance objectives.  
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Figure 2. 4: Maintenance objectives (Adapted from Schokry, 2010) 
 
In order to achieve these objectives it is essential for organizations to adopt strategies 
that incorporate human factors or HFE principles. Focusing on technical aspects only, 
disregards the fact that human are the integral part of a system. The following section 
discusses the maintenance strategies.  
 
2.2.2. MAINTENANCE STRATEGIES  
 
Several maintenance strategies, occasionally classified as approaches, types or 
philosophies, have been established for use in all production methods. Figure 2.5 below 
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Figure 2. 5: Major maintenance approaches (Adapted from CIBSE, 2008) 
 
These maintenance strategies have been established in the past 4-5 decades, e.g. 
reliability-centred maintenance, business-centred maintenance, and total productive 
maintenance (Ndjenja and Visser, 2015). The definitions and origin of main 
maintenance concepts or approaches that have been developed in the previous years are 
presented below: 
 Breakdown maintenance (BM): This approach means performing 
maintenance after the equipment has failed or the equipment’s performance has 
deteriorated (Jain et al., 2014). It is also regarded as a Run-to-Failure (RTF) 
maintenance (Ndjenja and Visser, 2015). This maintenance approach was 
introduced in the manufacturing sector globally prior to 1950 (Jain et al., 2014).  
 Preventive maintenance (PM): This maintenance strategy includes planned, 
routine, and special schedule to preserve the equipment/components in 
prescribed operating condition by using the process of inspecting and 
reconditioning (Dhilon, 2002) or avert equipment breakdown and enhance the 
operational life of the equipment (Jain et al., 2014). On the other hand 
Mamabolo (2012) defines preventive maintenance as the protection and 
overhauling to keep the systems/equipment in adequate operational conditions 
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failures before they advance into catastrophic failures. Activities of this 
maintenance approach include lubrication, cleaning, replacement of 
components, tightening and adjustment of nuts and bolts and many more. This 
approach was introduced in 1951 (Jain et al., 2014). 
 Predictive maintenance (PdM): This maintenance approach utilizes the 
advanced measurement and signal transformation tactics to precisely analyze 
the component/equipment condition throughout the production process (Dhilon, 
2002). In this maintenance technique, the physical condition (e.g. temperature, 
vibration, lubrication and corrosion) of the item/component is measured (Brook, 
1998 cited in Jain et al., 2014).  
 Corrective maintenance (CM): This maintenance approach is an unplanned 
maintenance or repair to restore equipment to a prescribed condition and 
conducted when maintenance workers or users suspect failures or deficiencies 
(Dhilon, 2002). It is believed that this maintenance strategy was introduced in 
1957 (Jain et al., 2014).  
 Reliability-centered maintenance (RCM): This is a methodical approach 
utilized to establish what needs to be done to make certain that any 
equipment/system has the ability to continuously satisfy its intended operational 
use in its ongoing operational context (McKenna and Oliverson, 1997 cited in 
Dhillon, 2002). This maintenance technique uses various to effect maintenance 
improvement such as modes of mode and effect analysis (FMEA), failure mode 
effect and criticality analysis, physical hazard assessment, fault tree analysis, 
enhancing maintenance process and hazard and operability evaluation (Jain et 
al., 2014). RCM assists in developing a maintenance program that is centered 
on preventive maintenance on particular modes of failure that are likely to occur 
(Dhillon, 2002). The main objective of this maintenance approach is to enhance 
the reliability of the equipment/system by unearthing the failure modes of the 
equipment or parts of a system, and classifying the end result of each failure 
mode (Mungani and Visser, 2013). The RCM originated in the 1960s from the 
aviation industry (Jain et al., 2014). 
 Total productive maintenance (TPM): This innovative maintenance approach 
is applied to enhance the effectiveness of equipment, eliminate breakdowns or 
unplanned shutdowns and promote autonomous maintenance through the 
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inclusion of the total workforce (Shirose, 1995; Bhadury, 2000; Jain et al., 
2014). TPM aims to involve employees from all structures and business units 
of the company, from workers to senior executives, to make certain that there is 
effective operation of equipment (Jain et al., 2014; Mungani and Visser, 2013). 
The main objective of the TPM is to remove all machine/system losses to 
enhance the overall equipment effectiveness (OEE) (Mungani and Visser, 
2013). It originated in 1971 from Toyota Motor Company, Japan, (Jain et al., 
2014).  
 Computerized maintenance management system (CMMS): This is computer 
software developed to handle a comprehensive information concerning 
maintenance employees, spare-parts, inventories, repair plans and history of 
equipment (Jain et al., 2014).  
Maintenance units normally intend to attain a special “mix” of the three main 
techniques, i.e. breakdown, periodic and condition-based maintenance (Ndjenja and 





















Figure 2. 6: The evolution of maintenance (Adapted from Willmott, 1994 cited in Jain 
















The next section identifies and discusses the maintenance practices and strategies 
adopted in South African power plants.  It also presents the roles and benefits of 
maintenance strategies.  
 
2.2.3. MAINTENANCE PRACTICES IN SOUTH AFRICAN POWER PLANTS 
 
Power plants are used to generate electricity for domestic and industrial use and they 
are regarded as the lifeblood of the economy of any state. Coal-fired power utilities 
generate a major portion of electricity in South Africa. Just bove 90% of electricity in 
South Africa is generated by Eskom. A number of these power plants are old with 
multiple shutdowns, hence there is frequency of maintenance required to return the 
plants back to service after failure.  The other challenge is the constrained power supply 
evident through load shedding that started creeping in in 2008 during the economic 
downturn. Equipment/systems installed in power plants, e.g. boilers, turbines, 
generators, compressors and pumps, are evolving to complex and sophisticated 
systems, furthermore they need extra effective maintenance strategies and techniques 
(Ndjenja and Visser, 2015). Now, as technology become sophisticated, it is gradually 
becoming challenging for human operators to sufficiently apprehend the system’s 
comportment (Pons and Dey, 2015). The government-owned power plants in South 
Africa authorized a generation strategy established upon on an ‘80:10:10’ philosophy, 
which denotes an average plant availability of 80%, with unplanned shutdowns not 
exceeding 10% and scheduled maintenance also set at 10% (Creamer, 2013).  
According to Ndjenja and Visser (2015), an orderly and systematic approach to 
maintenance has grown considerably in the past two or three decades attributable to 
following changes: 
 Expansion of physical assets (e.g. plants, equipment, and buildings) capacity.  
 Growing number of diverse equipment appropriate for systems fitted with latest 
technology. 
 Extreme sophistication in designs.  
 Extended life expectancy of physical assets plants.   
 Latest maintenance approaches, techniques, control and monitoring.  
Maintenance strategies adopted in South Africa’s State-owned utility, Eskom, include 
corrective, preventive, inspection and testing maintenance actions that are in line with 
the results of failure mode and effect analysis (FMEA) and RCM analyses (Sako et al, 
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2016).  The study by Ndjenja and Visser (2015) discovered that majority of power 
plants have a maintenance strategy that incorporates a variety of maintenance 
techniques and approaches such as run-to-failure, periodic, and condition based 
maintenance.  
The optimum combination of maintenance strategies is distinctive for a specific plant 
or system (Ndjenja and Visser, 2015). Figure 2.7 below presents the findings of the 
survey conducted by (Ndjenja and Visser, 2015), in which participants were required 
to specify the maintenance approaches that are adopted in their respective South 









The study examining the effectiveness of preventive maintenance in Eskom’s 
electricity generating utilities, shares the view that preventive maintenance dominates 
the total maintenance effort (Mamabolo, 2012). The Workweek Management 
programme is adopted as tool that caters for Time-based and preventive maintenance 
tool to ensure that Eskom operates in line with best practices (Mamabolo, 2012). It is 
reported that high-performing power station such as Matimba has changed the culture 
of assessing its preventive maintenance report on annual basis and now assesses its 





According to du Toit (2014), predictive maintenance has evolved to be a viable 
approach within the South African power generation sector, specifically at Eskom. 
Now, when an adequate predictive maintenance plan is adopted, the maintenance cost 
minimization is estimated between 25% to 30%, and the equipment breakdowns 
reduction between 70% to 75% (Sullivan et al, 2007 cited in du Toit, 2014). A study by 
du Toit (2014) highlighted that semi-supervised learning methodology serves as a 
framework of a coherent approach, to assist in operational decision-making, and is 
adequate to minimize unscheduled equipment downtimes.  
 
Risk Based Maintenance (RBM) 
 
A study by Singh and Pretorius (2017) indicates that Eskom has adopted risk based 
maintenance (RBM) approach to ensure compliance to safety and legislative 
requirements as specified by the Depart of Labor and also to minimize downtime costs. 
Maintenance scheduling of RBM prioritizes maintenance resources (people, 
information and technology) towards equipment with the highest risk should failure 
occur. The basis of this maintenance approach is on risk evaluation and maintenance 
planning and scheduling derived from the risk”. The data gathering is a crucial aspect 
in the RBM process since errors and miscalculations/inaccuracies in data will have a 
negative effect on the outcomes of the risk evaluation (Singh and Pretorius, 2017). It is 
very important that maintenance teams be well equipped to execute their duties 
appropriately for best outcomes from each maintenance approach adopted to be 
achieved.  
 
Human Factors in Maintenance  
 
Now, this thesis focuses on the maintenance that incorporates human factors 
engineering to minimize the likelihood of human errors that lead to unscheduled 
maintenance. Before looking at studies on human error or human factors in South 
African power plants, specifically in maintenance, two major incidents happened at 
Eskom that are linked to human error will be discussed. This is to further justify the 
need for South African power plants to consider the implementation of HFE principles 
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in their maintenance processes. The first incident is the Duvha massive explosion that 
happened in 2011, where the explosion wrenched through the turbine of one of the 
units, resulting in damage to power plant infrastructure (Eybers, 2011). It is further 
stated that accident occurred during the routine check and human error which is 
associated with lack of personnel is linked to this accident. It is also added that there 
was no one in the control room to shut down the plant as soon as the signs of explosion 
were identified during the routine check (Eybers, 2011). The second incident is the 
Koeberg unit shutdown which happened in 2015 which is linked to human error, where 
personnel that were building up the scaffolding in preparation for maintenance 
mistakenly touched the main generator transformer at Unit 1 (Tempelhoff, 2015). 
Preparatory investigation revealed that the Koeberg incident could have been prevented 
by doing a pre-briefing to identify likelihood of risks and errors and by anticipating and 
reducing the consequences (Cox, 2015). It is further stated that maintenance personnel 
should always be aware of their surrounding environment. Table 2.1 presents the 
incidents, their causes, impact and source of information for both incidents.  
 
Table 2. 1: The incidents occurred at Eskom due to human error 
Incident Cause  Impact Author/Source 
Explosion at 
Duvha  
 Human error  
 Lack of personnel 
 Shut-down mechanism in 
the maintenance room also 
did not work 
 600MW capacity 
loss 
 Cost of incident 






 Human error  
 Accidentally touched the 
main generator transformer 
 Incorrect positioning of 
scaffolding 
 900 MW capacity 
loss 
 Cost of incident 





The study by Badenhorst and van Tonder (2004) determined the factors that are 
responsible for human errors in a stated-own power generation company in South 
Africa. Table 2.2 presents the results of the study concenring human error sufferers in 




Table 2. 2: Human error casualties (Source: Badenhorst and van Tonder, 2004) 
Causalities  Description  
Competency-based deficiencies Knowledge, skill, attitude or behavior 
Communication-based deficiencies  Time lapse, expression 
Motivational factors  Individual, organizational 
Socio-environmental factors  Personal and organizational pressures 
Ergonomics  Physical conditions 
Procedural factors  Standards, procedures, documentation 
Mental factors and physical  Emotional and cognitive over-load 
Health and Safety Employee health in work environment 
Equipment and Technology  State of equipment and new technology 
Current Shift  System Shift work 
 
These human error casualties will be discussed further in the human error subsection. 
In their study Badenhorst and van Tonder (2004) carefully examined and complied the 
historic data on trips attributable to human error in the years between 1998 and 2001. 
Table 2.3 presents these findings of the number of trips per year originating from human 
error.  
 
Table 2. 3: Number of trips per year caused by human error (Source: Badenhorst and 
van Tonder, 2004) 
Causal Factor  1998 1999 2000 2001 Total  % 
Competence  14  16  17  14  61  31 
Communication  6  13  1  7  22  12 
Procedural  17  22  28  17  84  43 
Mental & physical  6  3  2  4  15  8 
Socio-environmental  0  2  0  2  4 2 
Motivational  2  1  0  3  6  3 
Ergonomical  1  0  1  1  3  1 
 
The study by Peach et al, (2016) evaluated the application and significance of 
performance measurements for maintenance management that place human factors at 
the center of the overall performance management system. The main focus on their 
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study was on the electricity transmission industry. Competence and motivation of 
workers were found to be the most essential human performance factors in the 
maintenance of transmission systems of electricity (Peach et al, 2016). In the process 
of adopting human factors in maintenance, it is crucial to assess perceptions of 
maintenance personnel with regard to the importance of HFE factors and readiness of 
the organization to implement HFE. Now, in the research study by (Peach et al, 2016), 
competence was rated by majority of respondents, with 76.6% indicating that they had 
received on-the-job training and 57.1% stating that their training was adequate (Peach 
et al, 2016). Table 2.4 presents the finding of Peach et al (2016) with regard to the 
importance of maintenance human factors.  
 
Table 2. 4: Importance of maintenance human factors (Source: Peach et al, 2016) 
Maintenance human factor  Ranking  Ratio (%) 
Skill level 1 57.1 
Motivation 2 55.8 
Supervision 3 52.8 
Workload 4 51.9 
Feedback 5 51.9 
 
Since, human factors is about the relationship of human with the features of the 
operating system under which they operate, it is essential that their level of motivation 
and competence if high to ensure outstanding performance. This performance should 
contribute in substantial maintenance performance that leads to overall equipment 
efficiency. Figure 2.8 presents the findings of Peach et al (2016) with regard to the 





Figure 2. 8: Importance of motivation improvement strategies (Source: Peach at al, 
2016) 
 
In the integrated report, Eskom (2018) it is indicated that in many occasions, the issues 
were not the failure of their internal controls, but management overridden those 
controls. This is not related with maintenance however, the characteristic of 
management overriding controls perfectly explain the contribution of management in 
failure of systems. The direct management decision that contributed to maintenance 
issues which will be further discuss in the maintenance issues section postponement of 
critical maintenance in public South African power plants (Petersen, 2016). This 
decision error was due to time pressure and constraint power plant system. Now, South 
African power plants, specifically those owned by Eskom committed on interventions 
for cost-saving including minimizing municipal debt, adequate contract management 
to overcome issue of penalties and cost overruns, in addition to that the execution of 
proper maintenance to give rise to efficient servicing of demand Eskom (2018). 
Addressing issue of operational cost, reduction of debt, management issues, and 
committing to adequate maintenance serves as a fertile ground for the introduction of 
HFE in which when adequately implemented can help save cost and improve their 
maintenance performance (Lowe C. and Lowe M., 2014; Neumann and Dul, 2010).  
According to Eskom (2018), there is also a drive to operational excellence and 
reliability efforts all around the Eskom’s power generation setting and network through 
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a integration of adequate maintenance, performance improvements and management. 
This as well serves the readiness of the Eskom power plant readiness to implement 
HFE. Therefore, this study will further test the perceptions with regard to HFE 
implementation and measure the readiness of current systems and processes.  
 
Objectives of Maintenance 
 
The study conducted by Ndjenja and Visser (2015) indicates the maintenance strategy 
sets the guidelines to accomplish the following objectives: 
 Maximization of the availability and reliability of the plant.  
 Cost optimization  
 Enhanced productivity 
 Minimized environmental impact 
 Enhanced return on investment 
It is further stated in the study Ndjenja and Visser (2015) that the findings from 
respondents 53 out of 56 (95%) agreed or ticked yes, that a maintenance strategy was 
an essential feature in the overall power generation business strategy. Figure 2.9 
presents the findings with regard to roles and benefits of a maintenance strategy.  
 
 





This figure illustrates what respondents within the power generation industry perceive 
as the benefits of the maintenance strategy. This is what they regard as the benefits of 
a well-defined and successfully implemented maintenance strategy. Now, after the 
maintenance strategy has been implemented, it is essential to measure if it is achieving 
the objectives it is designed to achieve.  
 
Performance Measures  
 
The study by (Peach et al, 2016) focusing on the framework for measuring the 
maintenance performance incorporating human factors in maintenance for electricity 
transmission sector in the South African context, lists the following five most valuable 
performance measurements: 
 Number of equipment failures.   
 Amount of training (skill development) initiatives or number of maintenance 
workers trained.  
 Amount of finished work orders or work orders issued.  
 Percentage of work orders backlog  
 Number of incidents or accidents  
In the report by Eskom (c2013) based on Vereinigung der Großkesselbesitzer e.V (nd) 
association concerning operation and maintenance of South African power plants, 
specifically Eskom units, the following performance and health key performance 
indicators were listed: 
 Energy availability factor (EAF) – this is a reflection of the availability of the 
facility or unit to provide energy as a percentage of power that could be 
generated at maximum capacity for the time span of the prescribed period.  
 Planned plant capacity loss factor (PCLF) – loss of energy throughout the 
interval as a result of planned shutdowns.  
 Unplanned plant capacity loss factor (UCLF) examines the loss of as a 
consequence of of unscheduled energy losses due to equipment failures and 
other conditions in the plant. 
Table 2.5 presents the chosen sustainability key performance indicators (KPI) that 
should be incorporated in the integrated report which is the mandatory reasonable 




Table 2. 5: Technical Key Performance Indicators (Adapted from Eskom, 2018) 
No.  Indicator  Unit of 
measure  
Boundary  Reporting criteria 
Focus on safety  
1.  Lost-time injury rate (LTIR) 







and Safety Act 
Improve operations 







3.  Energy availability factor (EAF)  Percentage  Generation 
4.  System average interruption duration 
index (SAIDI)  
Hours  Distribution 
5.  System average interruption 
frequency index (SAIFI) 
Number  Distribution 
6.  System minutes <1 Minutes  Transmission 
7.  Distribution total energy losses  %  Distribution 
 
The Eskom (2017) report that presents the performance for the year 2016/17, which 
was also focuses on addressing the audit findings, and making updates on risks and 
mitigation plans, indicates that there has been a significant improvement as on EAF, 
PCLF and UCLF as a result there was surplus capacity. Figure 2.10 below presents the 








Based on the Figure 2.10, it is apparent that there has been a significant drop of EAF 
from year 2012 to 2016 there was a notable increase in year 2017.  Figure 2.11 presents 
the annual PLCF and UCLF% from year 2008 to 2017 
 
 
Figure 2. 11: Annual PLCF and UCLF% (Source: Eskom, 2017) 
 
Eskom power plants are committed to improve power generation plant performance, 
and with an intention to achieve 80% of plant availability in the coming years, with 
10% planned maintenance and 10% unplanned maintenance (Eskom, 2018).  
The following section presents the challenges faced by South African power plants, 
specifically Eskom as the 95% role player in the South African power generation sector. 
The following section identifies and discusses the challenges faced by the South Power 
plants, specifically Eskom.  
 
2.2.4. MAINTENANCE CHALLENGES IN SOUTH AFRICAN POWER PLANTS 
 
Benchmarking the South African Power Plants with International Power Plants  
 
The performance of the coal-fired power generation plants of Eskom has been measured 
versus the power utilities that are members of (Vereinigung der Großkesselbesitzer 
e.V), a technical consortium based in Europe focusing on power and heat generation 
industries. The objective of this association is to assist in the enhancement of safe 
operation, compatible environment and the availability and efficiency of power systems 
used for energy and heat generation, either those that operating or under construction 
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(Eskom, 2014). According to Eskom (2014) is that in year 2014, the association 
provided the following findings: 
 Based on all indicators, South African coal-fired power plants were still 
performing worse than the VGB benchmark plants.  
 Historically, the best performing power plants’ availability in the VGB 
benchmark has been persistent, but since 2012 indications of volatility has been 
observed leading to decline in performance. 
 
It is further indicated that future focus areas will be on the following:  
 Maintenance planning optimization by using state-of-the-art analytics and latest 
technologies. 
 The application of risk-based approach to avoid losses of revenue.  
 
Maintenance Issues in South African Power Plants  
 
As stated in the previous sections, majority (90%) of South African power plants are 
owned by Eksom. Therefore, many research articles and industry reports focus on 
Eskom when it comes processes and issues of South African power generation sector.  
According to Nani (2015) cited in Singh and Pretorius (2017), over few years prior 
2015 the performance of Eskom power plants deteriorated when measured through the 
energy availability factor (EAF). The Eskom’s 90:7:3 ideology which simple means 90 
% energy availability, 7 % planned maintenance and 3% unplanned maintenance could 
not be accomplished (Govender, 2013 cited in Singh and Pretorius, 2017). According 
to Kemp (2014) as cited in Mahlangu and Kruger, 2015), Eskom has been severely 
criticized for substandard maintenance, now, poor maintenance and ageing plants have 
been regarded as key causal factors of the load shedding issues and unplanned outages.   
The study by Sako et al. (2016) focusing on failure management of Eskom power 
transformers in the distribution network revealed a several factors having a detrimental 
impact on transformers. These factors include: design flaws, voltage surges, lightning 
attack, damage of structures, maintenance errors, and swift unanticipated degradation 
of insulation. Now, du Toit (2014) states that generally, the usual sources of electrical 
equipment breakdowns/failures includes, mechanical equipment failure, environmental 
factors, and inadequately performed work. 
65 
 
Table 2.6 below portrays the causal factors contributing to load shedding in South 
Africa. Majority of these factors are related with maintenance activities.  
 
Table 2. 6: 5 Why Analysis for possible contributing factors to Load Shedding 
(Source: Eskom, 2015 cited in Petersen, 2016) 
5 Why Analysis for Load Shedding 
Performance Categories Possible Contributing Factors 
Plant Availability Low Unplanned Outages 
Planned Outages 
Outages slip / not completed on time/  









Lack of Maintenance 
Keeping the lights on in 2010 Soccer 
World Cup 





Poor Outage Readiness 
Poor Outage scoping development 
Increased Outage Scope 
 
Flawed Maintenance Execution 
Programmes 
Scope Growth – Work included late 
 
Majority of factors presented in this table rely on human activities, hence they are 
vulnerable to human error. Now, power plants need to zoom into the issues of human 
error in maintenance of their systems so as to reduce these errors. Table 2.7 below lists 
the factors responsible for load shedding that are more related with maintenance and it 















A lack of maintenance 
 
 Increase in equipment breakdowns  
 Poor plant performance 
 Decrease in the plant availability 
Poor outage readiness and poor outage 
scope development 
 
 Outage execution even when the plants is not 
prepared 
 Inaccurate scope  
 Scope increase during the process  
Flawed maintenance execution programs  Incomplete or out dated maintenance programs 
 Inadequate development of outage execution 
scopes  
Decline in power plant performance   Operating beyond the desired maintenance times  
 Placing more strain on already constrained power 
plants 
 Increase in unplanned shutdowns or breakdowns 
Limited opportunities to execute planned 
maintenance  
 Increase in equipment failure 
 Increased in unplanned maintenance 
Deferment of maintenance and urgent 
repairs  
 Increase in equipment failure  
 Increase in unplanned maintenance cost 
 Increase in risk of load shedding 
 
There is a great need for proper recording and keeping of data related to incidents or 
accidents and breakdowns due to maintenance errors, so as to adequately improve the 
system. Analysis of maintenance problems and equipment failures is a data hungry 
process, hence there should be proper collection and recording of data. However, the 
spread of information across all Eskom power plants makes the collection of data 
somewhat sophisticated (Singh and Pretorius, 2017). To resolve this problem, as much 
as all information related with historic failures of equipment and maintenance issues 
may be kept in the head office, but each power plant must have its own robust data 
collection and recording system. Now, in new power plants and those that are not too 
old, there is easy access to historical data required by engineering, maintenance, and 
operating personnel and this is unlikely in very old power plants (Mamabolo, 2012). 
One of the findings of the survey study by Mamabolo (2012), is that Eskom power 
plants had certain deficiencies concerning the unavailability of historical data in almost  
all their power stations, where in most cases there were no drawings and procedures in 
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place. This creates problems leading to substandard maintenance which then result into 
failures.  
 
The following issues that have an impact on maintenance have been reported on Eskom 
(2014): 
 Around 2014, there has been a considerable rise in breakdowns or unplanned 
maintenance in power plants (between 5000MW to 9000 MW) resulting into 
worsening of reliability of power systems. 
 There has been an increase in the number unplanned outages causing a decrease 
in plant availability from 85% to 75% over five years prior 2014.  
It is further stated that these issues were as a result of: 
 Postponing critical maintenance while the plants are continuously operating 
heavily in vigorous attempts of keeping the lights on.  
 Retrogressing or poor maintenance quality 
 Majority (64%) of Eskom power plants operating currently have gone passed 
their midlife, hence there is a need for prolonged outages and lengthening times 
required for restoration as opposed to what was initially planned.  
 Diminishing quality of coal causing a negative effect plant performance as a 
result additional maintenance would be required.  
 Environmental or weather conditions such as severe heat or the continuous fall 
of heavy rains.   
The other critical aspect when dealing with maintenance issues or improving 
maintenance process is cost of maintenance and interventions. In the study by Graber 
(2004) as cited in Ndjenja and Visser (2015) cost of maintenance was estimated to be 
30% of the total cost of electricity generation. According to Kemp (2014) as cited in 
Mahlangu and Kruger (2015), the need for maintenance and the effects of unplanned 
outages have a negative effect on production as well as on the country’s GDP. 
According to Eskom (2018), the decrease in morale of workers caused by initiatives of 
saving cost forms part of the emerging strategic risks that can lead to jobs losses, as 
well as disruption to productivity and availability of skills due to staff turnover. It is 
further stated that there is possibility for decrease in levels of necessary maintenance as 
a result of capital constraints. Eskom (2018) indicates that asset management or 
maintenance expenditure continues to account for a major of operating costs. It is 
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further stated that the Eskom’s the annual net repairs and maintenance, including the 
costs of overheads, reached R14 billion in march of 2017 subsequent to cost 
capitalization to qualifying projects. It is apparent from the issues presented above that 
human errors are at the center of the problems encountered in South African power 
plants and are associated with maintenance. Some these errors are management’s 
decision errors e.g. postponement of critical maintenance.  Now, it is essential to 
examine human errors in maintenance of power plants.  
 
The findings of the study by Badenhorst and van Tonder (2004) which focused on 
factors responsible for human error in power plants reveled the following:  
 31% of trips associated with human error were due to incompetence. 
 43% of trips associated with human error were due to the tendency of ignoring or 
nonadherence  to standard instructions or procedures. 
It is apparent that majority of the causes of failures or breakdowns in power plants are 
related with maintenance activities including outages. Since these maintenance errors 
are related with activities and almost all activities are planned and performed by human, 
one can conclude that majority of failures and breakdowns in South African power 
plants are due to human error. There should be more studies conducted to unearth and 
quantify human error and their causes in maintenance of various systems within power 
plants. This study focuses on developing a framework for adoption of HFE principles 
in maintenance of power plants, specifically in South Africa. This will enable power 
plants to examine their human factors with regard to maintenance, thereby enhancing 
maintenance through reduction of error.  
2.3. OVERVIEW OF HUMAN ERROR   
 
When it comes to the study of human errors in technical systems, early pioneers of the 
new discipline could be traced around the times of World War I (Canas et al., 2011). 
These forefathers of human factors engineering or engineering psychology based their 
work on the historic studies by pioneers such as Frederic Bartlett (1886-1969), Hugo 
Münsterberg (1863-1916) and Frederick Winslow Taylor (1856- 1915) on applied 
psychology and industrial management (Canas et al., 2011). In the United States, it is 
widely accepted that the field of human factors and ergonomics, came to effect around 
World War II (Wickens and Hollands, 2000), even though the quantum leap that 
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supported its establishment can be located back to the beginning of the 20th century 
(Shaver, 2015). It is further argued that prior World War II, the attention was mainly 
on “designing the human to fit the system or equipment” (i.e. trial and error), contrary 
to designing systems or equipment to fit the human.  
According to Shaver (2015), two decades after the end of World War II there has been 
contribution to the field of human factors addressing human errors sponsored by 
military and other institutions conducted through laboratories such as: 
 Human Engineering Laboratory (Army) 
  Air Force Personnel and Training Research Center (Air Force),  
 Naval  Electronics Laboratory (Navy),  
 Aviation Psychology Laboratory (University of Illinois in 1946) and, 
 Laboratory of Aviation Psychology (Ohio State University in 1949). 
It is further stated that the private sector also joined the study and application of human 
factors to deal with human error and there were groups formed in some aviation 
companies such as Boeing, McDonnell Douglass and Grumman Corporation, etc. and 
electronics and communication such as Bell Laboratories, etc.). The studies conducted 
in these labs and other settings led to various discoveries with regard to causation of 
accident. Debras et al (c2018) indicates that over the years, technical standards and 
flight control technology have led to substantial aircraft reliability hence technical 
causes of failure have been gradually decreasing. Now, Figure 2.12 presents the history 
of the role played by human in accidents, specifically in the aviation industry which is 





Figure 2. 12: The role played by human performance in accidents (Source: Debras et 
al, c2018) 
 
The study into human factors with the intention to reduce errors and improve human-
machine efficiency continued in the US. As the studies progressed, professional 
organisation named The Human Factors Society emerged in 1957 with an estimated 
number of 90 attendees, and it was then renamed in 1992 to Human Factors and 
Ergonomics Society with about 4500 attendees around year 2015 (Shaver, 2015). 
Studies of human factors led to various application across different industries  
 The design of new systems or machines (e.g. the first cars or tanks) revealed the 
necessity of considering human traits of those who would operate these systems (Canas 
et al., 2011). As the study of human factors continued with regard to human capabilities 
and limitations when in contact with technical systems, more human factor discoveries 
were made. NOPSEMA (2015); Begur and Babu (2016); Drury (2000); Dumitru and 
Boşcoianu (2015); Wiegmann and Shappell (2003); Pons and Dey (2015) estimated 
that between 70-80% of most equipment failures, incidents and accidents are 
attributable to human error. It is approximated that 15% - 20% of failures, incidents and 
accidents occur due to errors committed during maintenance (Begur and Babu, 2016); 
(Drury, 2000). Now, this has led the author to focus his research on human factors in 
maintenance, specifically in power plants an area that is not adequately covered with 
regard human factors.  
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It is important to begin the literature review by defining human error which of the 
elements that led to the establishment of human factors engineering. Under this section, 
human errors will be classified and then human errors specific to maintenance will be 
identified and analyzed.  
 
2.3.1. DEFINING AND CLASSIFYING HUMAN ERROR 
 
Definitions of Human Error  
 
Human error may viewed as non-fulfilment of a stipulated activity (or the completion 
of an impermissible action) that can potentially disturb scheduled operations and 
leading to damage of equipment and property (Dhillon and Liu, 2006). Human error is 
an unpremeditated error that happens while conducting work activities giving rise to 
sudden system failure or damage (Virovac et al, 2017). It is further stated that it can 
also lie dormant (i.e. latent error) within the system identified as a likelihood to impair 
the technical system’s good working condition. Myszewski (2012), indicates that 
human errors demonstrate the ineffectiveness of the organization. This broad definition 
by Myszewski (2012), serves as a foundation of various effective and widely used HFE 
models.  NOPSEMA (2015) defines human error as a failure of an intended action to 
reach a desired result. While Bao et al. (2016) view human errors as any human 
activities, both cognitive and physical, that can potentially or actually result in a 
negative impact on system’s normal operations. This definition assists in the 
classification of HFE principles and their application as it will be detailed under the 
subsection of human factors.  According to Dunn (2004) human error can be classified 
into three categories: 
 Human error: repair/replacement activity that was unsuccessfully performed 
by a person who has inadequate knowledge or skills. 
 System error: an improper inspection or testing of equipment prior return to 
service following high-risk maintenance tasks.  
 Parts error: is regarded as the supply of a wrong or low quality part for repair 
or replacement. 
In the study by Alkhaldi et al. (2017), human error is an inappropriate decision or action 
of a human operator that can have a terrible effect on the effectiveness and safety 
performance of a system. On one hand (Mattia, 2013; Alkhaldi et al., 2017) describe 
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human error as an instinctive outcome that can result from an interruption between 
human abilities (human) and pressure posed by processes and procedures. It is further 
stated that human error is an outcome of the absence of situation awareness, which is 
the premise of equipment/parts in the process environment, the apprehension of the 
meaning of these components and the projection of their situation in the future. A 
simple view by Reason (1990) is that human error is the failure of scheduled activity to 
reach the intended objective.  A similar view is brought forward by Drew and 
Hopwood, (2015), where it is state that an error as an action that does not go according 
to plan.  
 
Classification of Human Error  
 
There are many classifications or categorizations of human errors found in literature. A 
lot of agreements in these classifications have been identified from various scholarly 
writings. In some cases there are differences and additions to what other authors have 
discovered or analyzed. According to (Pons and Dey, 2015; Reason, 1990 and Siu, 
1994) human errors can be categorised into, slips, lapses, and violations. These are slips 
of actions and lapses of memory both categorised as disturbance and loss of 
concentration while violation is an intentional action specifically where there is an 
anticipated compensation of violation. Violation can be treated differently from natural 
human errors since there is an intent to act in a wrong manner.  Alshomrani and Akram, 
(2013), categorizes human error into mistake (forgetting the procedure or not 
adequately properly trained for), slip error or procedural error (missing a step or 
performing tasks in a wrong order) and violation (rule is intentionally overlooked or is 
being violated). Alkhaldi et al. (2017), classifies human error as slips (activities were 
not performed as aimed or scheduled), lapses (missing the activity) and mistakes 
(schedule was insufficient to attain the desired outcome). Canas et al., (2011), classifies 
human errors into skill-based errors, rule-based errors and knowledge-based errors and 
it is further stated that these errors can be mainly due to the acquaintance that the 





Figure 2. 13: Types of human errors 
 
According to Rothblum et al, (2002) human errors can be classified into decision errors 
(misdiagnose problem), skill based errors (skipping of steps), perceptual errors (hear a 
verbal order wrong) and violations (routine shortcuts, exceptional violations). Gould 
and Lovell (2009) assorts human errors into action errors, checking errors, information 
retrieval errors, information communication errors, planning errors, and violations. 























Table 2. 8: Human Error Classification 


































Skill-based   Slips - Attention: (double capture slips, perceptual confusions, 
interference errors, reversal, misordering, mistiming) SKYbrary 
(2016), (operator performed an action she did not intend (Pons and 
Dey, 2015). 
 Lapses - Memory: (Omissions, repetitions, reduced 
intentionality), SKYbrary (2016), (operator forgot information or 
to perform an action that was intended) (Pons and Dey, 2015). 
Violation  Rule is deliberately ignored or is being violated Alshomrani and 
Akram (2013) and operator knew what procedure to follow, but 
did not (Pons and Dey, 2015). 
Mistakes  Operator decided what action to take, and performed it, but it was 
an inappropriate choice in the first place, including 
perseveration/fixation (persistent acceptance of a false belief) 


















 Confirmation bias, selectivity, out of sight, out of mind, 
encystment and vagabonding (SKYbrary, 2016).  
 




Alkhaldi et al (2017) and Kontogiannis and Embrey (1992) group human errors as 
action errors, checking errors, retrieval errors and transmission errors. They eliminate 
information retrieval errors, planning errors and violation but add diagnostic and 
decision errors. Thomas et al. (2002), collected information from different authors 
(Meister, 1971; Woodson, 1981 and Baker et al., 2002) to differentiate among diverse 
types of human error with regard to what induces those errors. The categorization 
incorporated system-induced errors, human induced error, design-induced errors and 
environment-induced errors. Figure 2.14 classifies human errors according to stages 




Figure 2. 14: System life cycle versus four types of human error that causes system 
failure (Source: Dhilon, 2014) 
 
Errors can emerge in both the planning and execution stages of an activity and the plans 
can be sufficient or insufficient, and actions (behavior) can be intended or unintended 
(NOPSEMA, c2018). It is further stated that if a sufficient plan is supported by an 
intended action, then the desired outcome will be achieved accomplished. Equivalently, 
if an inappropriate plan is supported by an unintended action, then the desired outcome 
will not be attained. Figure 2.15 demonstrates these error points. 
 
 




2.3.2. HUMAN ERROR IN MAINTENANCE  
 
There is a recurrent of unintentional human errors in maintenance of technical 
systems/equipment. The gradual increase in complexity of technology, makes it 
complicated for human operators to sufficiently apprehend how the system behaves 
Pons and Dey (2015). The study by Dhillon and Liu (2006) expresses human error as a 
far-reaching problem in maintenance attributable to design, fabrication, installation, 
programming, inspection and maintenance phase. Errors from other phases lie dormant 
or latent within the system and they are inherited by the maintenance teams who have 
to ensure safe and efficient operation of a system. Now, the failure of maintenance 
personnel to discover these latent conditions while performing their maintenance 
activities can result to interruptive conditions thereby lead to unplanned or expected 
plant shutdowns. Health and Safety Executive (2000) is founded on the premise that 
human errors in maintenance to a certain extent are to be expected, therefore can be 
identified and monitored/managed. However, it must be noted that in sophisticated 
socio-technical systems such as power plants where there are many components within 
a system, human errors may not be easily predicted and controlled, especially when 
HFE principles are not adopted. The aim of this research study is to create a framework 
that can be used for the adoption of HFE principles in maintenance of power plants with 
an aim of unearthing, analyzing, managing and reducing human errors in maintenance. 
It can also be used to assess the organization’s readiness to implement HFE. Hence, it 
is important to identify and analyze human errors that occur in maintenance of 
mechanical systems in order to select suitable HFE models that are suitable for 
maintenance context.   
Rashid (2010) identified incorrect installation, missing parts during installation, 
skipping of maintenance procedure, mission of steps, inadequate trouble shooting and 
diagnosis and inadequate maintenance inspection as human errors that occur during 
maintenance. Nkosi, (2014) unearthed human errors in maintenance such as, 
maintenance tasks missed out during planned maintenance shutdown, improper 
installation, improper lubrication of bearings, foreign object damage, utilization of 
deteriorated parts, equipment parts damaged during maintenance, improper inspection 
and identification of fault and injury to personnel. These are similar to the ones 
identified by Dunn (2004) with an addition of incomplete installations, improper testing 
and equipment not activated or deactivated.  
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Shirali et al. (2013), stated incomplete maintenance, incorrect information, 
maintenance on the wrong component and inspection performed incorrectly as human 
errors in maintenance. In the study by McIntyre (2002) insufficient water management, 
inadequate operation, substandard maintenance and certain aspects beyond the control 
of management (e.g. manufacturing flaws and damage during transportation) were 
identified as causes of power plant failures. It is apparent that these causes of power 
plant failure are directly connected with human. Hence, they can be classified as human 
error.  
Drury (2000) states that poor installation, inadequate servicing, 
inappropriate/incomplete repair, insufficient fault isolation/inspection/testing, activities 
resulting in foreign object damage,  actions that cause damage due to surrounding 
equipment, and actions resulting to personal injury were human errors in maintenance 
in aircraft maintenance.  
In the study of failure analysis in a power plant boiler by Luo and Zhang (2013), 
welding defects (welding quality), design defects, poor preparation, failure caused by 
foreign bodies during installation, and misuse were categorised as causes of failures of 
boilers in power plants. Again, it can be noted that these causes are prone to human 
error.  Low water incident, poor water treatment, contaminated feed water, improper 
technologies, improper warm-up and improper storage were assorted by Reeves (1998) 
as causes of boiler failure in power plants. TRC Engineering (2004), indicates that 
power plant failures are caused by wrong usage or abuse, errors due to assembly, 
manufacturing flaws, inadequate maintenance, design flaws, incorrect material, 
insufficient heat treatments, lack of quality assurance, insufficient environmental 
care/control, improper repair welds and inadequate water quality.  
In the study by Rogers, (2006), tube failures were identified as the major cause of power 
plant failures emanating from reasons such as not adhering to modernised and advanced 
practices, inadequate analysis of tube failures, wrong decisions with regard to 
corrective/preventive activities and inadequate reporting and monitoring of tube 
failures. It is further stated that, lack of/inadequate quality control, damage due to 
maintenance cleaning, damage due to chemical execution, material flaws, and welding 
defects were also indicated as causes of failures in power plants (Rogers, 2006). Table 
2.9 below presents the causes of outage extensions / slips in South African power plants 
specifically Eskom, especially the ones related with human activities which can be 
categorized as human error.  
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Table 2. 9: Causes for outage extension / slips (Source: International Atomic Energy 
Agency, 2002 cited in Petersen, 2016) 
Category Sub-Category 
Non identification of system, 
equipment and component 
defects 
Deficiency in plant condition monitoring and trending 
Equipment breakdown in the course of outage execution 
Quality of work completed 
 
Absence of quality awareness and procedure use 
Poor material quality 
Deficiency in skills or trained staff 
Inappropriate control of work execution 
Unconcerned attitude to work execution causing in waste of 
working time 
Lack of outage management 
 
Deficiency of leadership and control over the planned activities 
Lack of motivation 
Deficiency of budgeting 
Equipment, material and spares are ordered late 
Inadequate collaboration among the stakeholders 
Deficient outage planning 
 
Under estimation of activity durations and labour 
Inappropriate scheduling of work activities 
Supporting activities (scaffolding, rigging, etc.), materials, tools 
are not well-defined. 
Plant isolations, permit to work and approvals not defined.  
Lessons learnt and operational experience feedback not 
considered or effectively implemented. 
 
Based on the Table 2.9 it is apparent that the main categories leading to substandard 
outage execution are failure to identify system/equipment defects, quality defects, and 
outage management and planning. Hence, power plants need to implement 
interventions to adequately address these problems. Now, since these problems are 
associated with human error, the adoption of HFE principles would be beneficial in the 
improvement of power plant maintenance. The following subsection focuses on the 
factors responsible for human error in maintenance of sociotechnical systems.  
 
2.3.3. CAUSES OF HUMAN ERROR IN MAINTENANCE  
 
Maintenance of socio-technical systems such as power plants requires the adoption of 
adequate analytical and systematic approaches to address the issue of human error, 
thereby unearthing all kinds of causal factors. This section is intended to identify and 
discuss the causes of human error encountered in maintenance of sociotechnical 
79 
 
systems. The main cause of human error is organizational weaknesses as presented in 
Figure 2.16 below. This premise corresponds with the definition of human error brought 
















Figure 2. 16: Causes of human error (Adapted from Allied Safety Associates, c2019) 
 
Several causes of human error that will be discussed in this section are directly and 
indirectly linked to organisational weaknesses. Now, missing information is classified 
as a source of human error since it contributes to the complexity of activities (Nolan, 
2000). Rashid (2010) identifies several causal factors that result to human error, 
inadequate guidance, poor planning, complexity of task incomplete or inadequate 
procedures, design error, poor plant or equipment layout, lack of funding, pressure and 
unrealistic expectations, ignoring risks, use of unsafe equipment, failure to enforce 
rules, inadequate training, stress and fatigue, lack of motivation, environmental effects 
(e.g. inadequate light), misjudgement and misinterpretation.  Safety Regulation Group 
(2002) indicates that errors are caused by divergence from operational procedures, 
insufficient verification, design defects, inadequate maintenance and inspection, lack 
of proper guidance, lack of crew involvement, pressure during unusual circumstances, 
inadequate or wrong weather information, running out of control hazards, improper 
decision and poor communication. Rothblum et al., (2002) indicates that human errors 
THE REAL CAUSES OF HUMAN ERROR  
That are often not found or fixed! 
 
 
                         EVENTS / FAILURES                              CAUSES OF HUMAN ERRORS      
           
 
Don’t try to fix people. Fix bad systems  










stem from mental issues (e.g. loss of situational awareness, overconfidence), resource 
planning and management (e.g. personnel selection and training), inadequate 
supervision, improper planning and organisation culture. (Drury, 2000) states that 
human error are caused by factors such as information (e.g. computerized or written 
maintenance manuals), equipment and tools, equipment design and configuration, job 
and task coordination, technical competence (skills and knowledge), physical health, 
fatigue, time constraints, environment and facilities, organizational issues (e.g. quality), 
leadership and supervision, scheduling, coordination, prioritizing and delegation, and 
communication. Dhillon and Liu (2006) express that, there are several factors that give 
rise to human error in maintenance such inadequate skills, substandard training,  
imperfectly documented manuals and procedures, substandard equipment designs, 
utilization of incompatible tools, poor work layout, work areas within insufficient light, 
and high noise levels. During the evaluation of human factors as an integral part of the 
management system, Peach, et al (2016) discovered that the fundamental factors that 
have an effect on maintenance performance are motivation and competence, in 
deviance with supervision, workload and performance review and feedback. The study 
by (Badenhorst and Van Tonder, 2004) aimed at analysing human errors in power 
plants specifically in South Africa, established that the incompetency, and the 
propensity to deviate from prescribed instructions and requirements are key sources of 
human error. Time pressure, insufficient feedback, complex ambient or environmental 
conditions, and the nature of human to err were categorised as sources of human error 
(Latorella and Prabhu, 2000). On the other hand Foyle and Dupont (1995) adds the 
undersupply of resources, time pressure, and absence of awareness, lack of 
assertiveness, fatigue, stress, norms or traditions. Hobbs (2008) makes addition to what 
has been stated above as sources of human error, that is, shift changes and handover, 
norms of the teams and organisation, insufficient knowledge with regard to the system, 
fabrication flaws, inadequate design for maintainability, and absent minded or 
distracted. On top of what has already discussed. (Dhillon, 2014) adds complexity or 
sophistication of maintenance activities as a source of human error in maintenance of 
socio-technical systems. Attention and memory issues, inadequate decisions and 
judgement, inadaptability and inflexibility and confined work spaces are also regarded 
as the reason for occurrence of human errors in maintenance (Krulak, 2004).  
Psychological issues, environmental complexity, proclivity of remaining in the 
background (Alonso and Broadribb, 2018), improper diagnosis of systems/equipment, 
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lack of work process apprehension (Kovacevic et al., 2016) are regarded as causes of 
human error operation and management of mechanical systems. Modifications of the 
plant, planning and auditing, inspection after installation, testing plans of start-ups and 
training form part of sources of human error (Laakso et al, 1998). The factors 
responsible for human error in maintenance of mechanical systems derived from the 
study of human factors conducted by Nkosi et al. (2020) are presented in Table 2.10. In 
this table, factors responsible for human errors are classified into four categories, 
namely leadership and management factors, individual factors (cognitive factors), 
physical factors and environmental factors. 
 
Table 2. 10: Factors responsible for human error in maintenance of mechanical 
systems (Source: Nkosi et al, 2020) 
Causes Authors 
Leadership and Management Factors 
Poor management and 
supervision 
(Timmons, et al., 2014), (Peach, et al., 2016), Impact Krulak, 
David C, Rashid, 2010 
Insufficient Training  (Dhillon & Liu, 2006), (Dhillon 2014), S. Kovacevic1 , L. Papic2 , 
G.L. Janackovic3  and S. Savic4, K. Laakso, P. Pyy, (Rashid, 
2010) 
Work design/planning/layout (Dhillon & Liu, 2006), (Peach, et al., 2016), B S Dhillon 2014, 
(Dunn, 2004), (Virovac, Domitrović & Bazij, 2017 
Poorly written procedures, 
manuals and work instructions 
(Dhillon & Liu, 2006), (Gould & Lovell, 2009), Alan Hobbs, 2008, 
B S Dhillon 2014, (Dunn, 2004), Rashi, 2010 
Poor communication and sparse 
feedback 
Alan Hobbs, 2008, (Virovac, Domitrović & Bazij, 2017) (Peach, 
et al., 2016), Latorella, K.A. and Prabhu, P.V., 2000 
Time pressures (Latorella, K.A. and Prabhu, P.V., 2000.), Alan Hobbs, 2008, 
(Dunn, 2004), (Virovac, Domitrović & Bazij, 2017 
Poor organizational culture  (Timmons, et al., 2014), Ignacio José Alonso  Mike Broadribb, 
(Latorella, K.A. and Prabhu, P.V., 2000), Rashid, 2010 
Individual Factors [Cognitive Factors] 
  
Incompetence/Inadequate skills 
(Dhillon & Liu, 2006), (Dunn, 2004), (Peach, et al., 2016), 
(Badenhorst & Van Tonder, 2004),  
Fatigue (Latorella, K.A. and Prabhu, P.V., 2000., An Overview of Human, 
Alan Hobbs, B S Dhillon 2014, (Dunn, 2004), Virovac, 
Domitrović & Bazij, 2017 
Stress/Emotional demands (Dunn, 2004), (Latorella, K.A. and Prabhu, P.V., 2000. Alan 
Hobbs, 2008, José Alonso  Mike Broadribb 
Routine or repetitive work  Alonso  Mike Broadribb, (Dunn, 2004) 
Ignoring standard work 
instructions  
(Badenhorst & Van Tonder, 2004), S. Kovacevic1 , L. Papic2 , 
G.L. Janackovic3  and S. Savic4, Dunn, 2004,  
Physical Factors 
Equipment design and 
construction deficiencies 
(Dhillon & Liu, 2006), Alan Hobbs, 2008, B S Dhillon 2014, 
Krulak, David C, Rashid, 2010 




Poor work environment 
(inadequate lighting, noise 
levels and difficult ambient 
conditions) 
(Dhillon & Liu, 2006), Impact Krulak, David C, Latorella, K.A. 
and Prabhu, P.V., 2000(Dhillon & Liu, 2006), 
 
The factors presented in Table 2.10 above as causes of human error can also be used as 
barriers/defenses to prevent human error from occurring. Gould and Lovell (2009) 
confirms this by saying procedures can serve as both the source of and protection 
against human error. This means strengthening of leadership and management, 
capacitating individuals with correct skills and knowledge, designing physical assets to 
suit human, and improving environment to eliminate chances of committing errors 
(look closely into these dagrams). Figure 2.17 below presents human factors that serve 
as defenses against human error. This figure is based on the Reason’s Swiss Cheese 
Model which will be discussed on the subsection of models and frameworks of human 


















Figure 2. 17: Modified Reason’s model showing latent failure path (Adapted from 
Southpac Aerospace, c2019) 
 
There is a great need for an analytical and methodical approach to address human errors 
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Defence Zone Active failure path 
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Latent defences: safety organisation; competent safety officer; appropriate minimum equipment list; 
sound operations; maintenance and dispatch procedures; standardised manuals; solid training procedures; 
appropriate crew pairing and scheduling; legislation understood, training and checking system reliability, 
sign-out procedures comprehensive, management of change, system redundancies, management 




errors are not properly analyzed and managed and their causal factors are not removed 
or monitored, incidents and catastrophic failures, will emerge resulting to adverse 
impact on the plant and personnel working on it.  The following subsection presents the 
impact of human error in maintenance of socio-technical systems.  
 
2.3.4. THE IMPACT OF HUMAN ERROR IN MAINTENANCE  
 
It is essential to establish the effect of human errors. Proper identification and 
quantification of the impact of human error will assist organizations to consider 
implementation of HFE principles and allocate adequate resources to deal with human 
errors. Human error leads to various negative outcomes that are detrimental to 
equipment, human and overall business objectives.  Latorella and Prabhu (2000) 
indicate that human errors lead to severe impact as a results of incidents/accidents and 
fatality, equipment availability delays, and disruption of equipment productivity and 
operations efficiency. Incidents and accidents (Hobbs, 2008), loss of life and cost 
constraints (Dhillon, 2014) safety and economic impact (Rankin, et al., 2000) are 
classified as effects of human error. According to (Krulak, 2004) the impact of human 
error is the unreported amount of equipment and lives affected by human error, and 
mishaps occurrence. Alonso and Broadribb (2018) also confirms the loss of lives due 
to human error. (Dunn, 2004) established that human error has a huge effect on the 
quality of maintenance, safety, reliability equipment, work performance and loss of life 
cost constraints. Virovac et al (2017) unearth the impact of human error such as process 
delays, equipment damage, repairs and accidents. The results of impact of human in 













Table 2. 11: The impact of human error in maintenance (Source: Nkosi et al., 2020) 
Impact  Authors  
Incidents  (Hobbs, 2008), (Dhillon, 2014), (Alonso and Broadribb), 
(Rashid, 2010),  
Accidents (Latorella, K.A. and Prabhu, P.V., 2000), B S Dhillon 2014, 
Alonso  Mike Broadribb, (Virovac, Domitrović & Bazij, 2017),  
(Health and Safety Executive, 2000, (Rashid, 2010), 
Loss of life  (Latorella, K.A. and Prabhu, P.V., 2000), B S Dhillon 2014, José 
Alonso  Mike Broadribb, (Rashid, 2010) 
Inefficiency, delays and impaired 
productivity of equipment 
(Latorella, K.A. and Prabhu, P.V., 2000), (Virovac, Domitrović 
& Bazij, 2017), (Dunn, 2004), (Rashid, 2010), 
Cost (economic loss) (Health and Safety Executive, 2000), (Alkhaldi, Pathirage & 
Kulatunga, 2017), B S Dhillon 2014(Dunn, 2004), Alkhaldi, 
Pathirage & Kulatunga, 2017, HibitJerryAllen RobertSargent), 
(Rashid, 2010), 
Safety/ risk to health (HibitJerryAllen RobertSargent), José Alonso  Mike Broadribb), 
(Dunn, 2004), (Health and Safety Executive, 2000) 
Equipment damage or loss  (Virovac, Domitrović & Bazij, 2017), (Alkhaldi, Pathirage & 
Kulatunga, 2017), Krulak, David C) 
Impaired maintenance quality or 
performance  
(Health and Safety Executive, 2000), (Dunn, 2004), (Rashid, 
2010),  
 
It is apparent that if human errors are not adequately addressed within the organization 
especially in the maintenance process, there will be dire consequences. The issue is that 
it is not easy to quantify the impact of human errors if HFE principles are not integrated 
into organization’s processes such maintenance. Now, the next section will discuss HFE 
principles that can be adopted for the identification, management and reduction of 
human error, hence improve overall equipment effectiveness.   
 
2.4. OVERVIEW OF HUMAN FACTORS ENGINEERING  
 
2.4.1. DEFINITIONS AND CLASSIFICATION OF HFE 
 
Human factors or human factors engineering can be defined in various ways, but there 
are more widely accepted definitions, especially those that are coined by Health and 
Safety Executive and International Ergonomics Association. International Ergonomics 
Association (c2019) views ergonomics (or human factors engineering) as: 
 
“the scientific discipline concerned with the understanding of interactions among 
humans and other elements of a system, and the profession that applies theory, 
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principles, data and methods to design in order to optimize human well-being and 
overall system performance”. 
 
Health and Safety Executive (1999) cited in Flin et al. (2009) defines human factors as 
the organizational, job and environmental factors, and human and individual traits that 
have an effect on behavior at work in a manner which influences health and safety. The 
best manner to view human factors is to look at the relationship or interconnection 
between the organization, job and individuals performing the job in an operating 
system. NOPSEMA (2015) confirms this idea by classifying human factors as the 
method in which the company, the job, and the individual collaborate to influence 
human reliability in hazardous event causation.  According to World Health 
Organization (2012) human factors (or human factors engineering) is intended to 
evaluate the interconnections between human and systems, and its focal point is on 
enhancing efficiency, productivity, innovation and job satisfaction, with an intention of 
reducing errors. Kohn et al. (1999) confirms the purpose of HFE by stating that, HFE 
is aimed at evaluating the human-system relationship and the systems with which they 
collaborate through paying attention to on enhancing efficiency, innovation, 
productivity and job satisfaction, with the intent of reducing errors. Figure 2.18 presents 
human factors interactions.  
 
 




Canas et al. (2011) looks as HFE or ergonomics as the science of work. HFE can also 
be viewed as the utilization of what is known about human abilities and restrictions in 
order to enhance the overall system performance IAOGP (c2019). HFE assists with the 
harmonization of features of the operating system with people who interact with them 
in respect of people’s requirements, abilities and restrictions (International Ergonomics 
Association, c2019). If special attention can be given to interactions between human 
beings and organisational and technological features of an operating system, the 
performance and reliability of systems can be greatly improved. Hence, there will be 
reduction or prevention of errors. In many instances human factors is used as safety 
defense for minimizing errors, thereby preventing incidents and accidents of 
mechanical systems Virovac et al. (2017). The idea of using human factors as defenses 
is adopted in the Swiss Cheese model, Reason (2000) which is one widely used models 
of human factors.  International Ergonomics Association (c2019) and Canas (2011) 
classify HFE or ergonomics as follows: 
 Physical human factors  
 Cognitive human factors  
 Organizational human factors  
Canas (2011) adds neuroergonomics ergonomics which is a new development, 
however, this study pay more attention into the three preceding classifications.  Table 
2.12 presents the classification of human factors.  
Table 2. 12: Classification of Human Factors 
 
The further explanation on the classification of HFE and list the features of each 
classification is shown Figure 2.19. 
Human Factor  Description  
Physical human 
factors 
This classification is about human anatomical, anthropometric, physiological 
and biomechanical attributes with regard to physical activity (International 
Ergonomics Association, c2019; Canas, 2011) 
Cognitive human 
factors 
This method is concerned with mental processes, such as perception, memory, 
reasoning, and motor response, as they affect interactions among humans and 
other elements of an operating system  (International Ergonomics Association, 
c2019; Canas, 2011) 
Organizational 
human factors 
This approach deals with the optimization of sociotechnical systems, including 
their organizational structures, policies, and processes (International 





Figure 2. 19: Classification of Human Factors Engineering 
 
It is crucial to analyse the human behaviour against the technical systems in oreder to 
locate human as the integral part of the socio-technical system. Most organisations 
spend time trying to come up with solutions to technical problems, however they do not 
pay much attention of human factors responsible for what they claim to be technical 
failures. The best failure analysis method is the one that incorporates human error to 
distinctly establish what might have been the cause of the incident or accident. Figure 
2.20 presents the elements that influence the behaviour of individuals when they work 





Figure 2. 20: Aspects the influence human behaviour (Source: Southpac Aerospace, 
c2019) 
 
Socio-technical systems such as power plants are made by interactions between human, 
equipment/components, technology, organization and environmental factors. Triand 
Maritime (c2019) states that even though each factor possesses its weakest links, it is 
the human aspect and people interactivity with each factor that creates restrictions. 
People have restrictions such as those that are related with knowledge, skills and 
capabilities, memory or assertiveness and these restrictions make the industry 
vulnerable to human factor issues (Triand Maritime, c2019). Figure 2.21 presents the 
human element and eight features of human nature which was established for the 
maritime system. The eight human nature features represent the decisions and actions 









The implementation or application of HFE should assist organizations with the 
optimization of human and system effectiveness and efficiency, safety, health, comfort 
and quality of life (National Research Council, 2011). By its very definition and 
objective HFE is a multidisciplinary undertaking that has attracted interest of engineers, 
scientists and other practitioners from various disciplines such as psychology that are 
involved in design, manufacturing, operation and maintenance of socio-technical 
systems. 
 
2.4.2. PILLARS OF HUMAN FACTORS ENGINEERING MODELS  
 
This section presents the fundamentals or propositions that serve as foundations for 
human factors engineering in a human-machine system. Human Factors Engineering 
(HFE) pays attention the utilization of human factors understanding to the design, 
construction Association of Oil and Gas Producers (2019) and maintenance of socio-
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technical systems. HFE starts with the idea that the human is a constitutive element of 
the system rather than a component to be incorporated after completion of system 
design Thomas et al. (2002). Now, since the focus of this study is on maintenance it is 
important to note that human is an integral component of a maintenance system. Hence, 
the consideration of proper human-machine relationship should begin at the 
maintenance-planning phase to ensure that HFE fulfills its objective. HFE presents 
practical solutions to minimise incidents while enhancing productivity (Association of 
Oil and Gas Producers, 2019). According to Association of Oil and Gas Producers 
(2019), HFE’ fundamental objective is to attain exceptional performance by proactively 
unearthing risks and improvement opportunities that promote safety leadership and 
establishing improvement strategies, utilizing  state or the art practice tools, and 
reinforce the implementation to business and operational processes. There are various 
models that will be discussed in this study, that have been formulated based on the 
preceding premise. There are number of features in which HFE models are built upon 
to improve maintenance systems. These features that are regarded as pillars of HFE 























Figure 2. 22: Pillars of HFE models 
 









































































The pillars of HFE are extracted from factors that contribute to maintenance 
performance which are presented by Boeing Commercial Aviation Services (2013). 
Table 2.13, below presents the dimensions and domains of pillars of HFE.   
 
Table 2. 13: Dimensions and domains of pillars of HFE (Adapted from Boeing 
























































































In the maintenance setting, HFE is concerned with the optimization of maintenance 
system to achieve outstanding maintenance performance, thereby achieve the overall 
equipment effectiveness (OEE). 
 
2.4.3. APPROACHES TO HUMAN ERROR  
 
There are two approaches to human errors, that is, personal approach and system 
approach. Organizations that have not adopted HFE by default apply personal approach, 
which is to blame errors on individuals committing them without paying attention to a 
comprehensive system under which human operate. Reason (2000) states that the 
person approach pays attention to the errors of individuals such forgetfulness, 
inattention and moral weakness. It is further stated that the deep rooted and general 
tradition of the person approach concentrates on the unsafe acts or errors and violations 
of procedures by workers on the front line. This method is about reaching out to people 
to appeal to their fear, threaten them about disciplinary actions, rework procedures, 
naming, blaming and shaming without focus on the holistic human-machine system.  
One the other hand, the system approach focuses on the environment and conditions 
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under which workers operate and attempt to establish protection or barriers to preclude 
errors or mitigate their impact (Reason, 2000). It is further stated that the fundamental 
premise of the system approach is that humankind is prone to err and errors are 
inevitable, even in best organizations. In the system approach, errors are considered as 
consequences as opposed to causes. Majority of HFE models and frameworks are based 
on the systematic approach to human errors and in some instances on the integration of 
personal and system approach. According to Wiegmann and Shappell (2003) on the 
idea of “now let us turn to the ergonomic or systems perspective”, in the operating 
system people are seldom, if ever, the main source of an error or accident. Instead, 
human performance incorporates sophisticated interconnections of various factors such 
as "the inseparable link between people, tools and machines, and their general work 
environment" (Heinrich, et al., 1980) as cited in (Wiegmann and Shappell, 2003). Most 
system approaches take the shape and structure presented in Figure 2.23.   
 
 
Figure 2. 23: The System Approach, adapted (Source: Drew and Hopwood, 2015) 
 
Drew & Hopwood, 2015 has appropriately structured the system approach to even 
incorporate the external environment, namely, the regular and manufacturer 
specifically when dealing with maintenance.  Despite the availability of various useful 
HFE models and frameworks, many industries still fall for personal approach. This 
approach blames incidents on workers conducting the activities and base resolutions on 
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the faults of these workers (NOPSEMA, 2015). According to (NOPSEMA, 2015) the 
application of individual approach in dealing with human error, organizations ignore 
the latent conditions (or resident pathogens) that lead to human error which are 
embedded in the operating systems under which the people work.   
One of the essential but complicated task of HFE is to locate or identify latent errors 
(or resident pathogens).  According to Drury (2000) there are two interdependent 
approaches that can be used to unearth the latent errors in any operating system, namely, 
incident analysis approach and task analysis approach. Table 2.14 presents the 
descriptions of these approaches.  
 
Table 2. 14: Approaches to locate resident pathogens in an operating system 




This approach is applied after the occurrence of the incident or accident have, as a 
comprehensive evaluation to locate and list all relevant latent failures (resident 
pathogens) along with active failures (Drury, 2000).  
Task Analysis 
Approach 
This approach is applied in case where incident or accident has occurred or not, by 
comparing of job demands with individual capabilities to identify job activity features 
with potential for error, i.e. latent failures (or resident pathogens) (Drury, 2000). This 
is confirmed by (NOPSEMA, 2015) where it is said that, different task analysis 
approaches can be utilized to establish a finer descriptions of task steps that can 
facilitate the identification and classification of likelihood of errors.   
 
2.4.4. HUMAN FACTORS MODELS AND FRAMEWORKS  
 
There are several HFE models and frameworks that have been established in the 
previous years to deal with the issue of human errors. Some of these models focus on 
analyzing human errors, identification of human errors and management or reduction 
of human errors in maintenance and other engineering processes such as design. This 
section presents few key models and frameworks that can be adopted by organizations 
that aim to reduce and prevent human error in their technical processes. The focus will 
be on the models that are more compatible with the maintenance process since the study 
is about implementation of HFE in maintenance of power plants. Effective and efficient 
HFE models are based on the integration of personal and system approach. However, 
majority of models follow a systematic approach since it also locates individuals within 
the model. Figure 2.24 presents a simple model of human factors that illustrates the 
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interaction between the organization, the job and individuals as stated under HFE 
definition section by (NOPSEMA, 2015).   
 
 
Figure 2. 24: A model for human factors with error control (Source: NOPSEMA, 2015) 
 
Based on the model it is clear that reliable human behavior results in desired or high 
quality performance, while unreliable human behavior can lead to human error or 
substandard performance, which can result to incidents and near misses (NOPSEMA, 
2015). It is apparent that to achieve reliable human behavior one must ensure that there 
is proper and effective interaction between the organization, workers and activities 
performed by individuals and teams. This method also identify areas of error control 
categorized as error prevention and error management.  
 
The Swiss-Cheese Model  
 
The Swiss-Cheese model is a system approach model which was established by James 
Reason in 1987 to 1990 “during the writing of Human Error” Reason et al. (2006), with 
key positions of the model occupied by the defenses, barriers and safeguards (Reason, 
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2000). This model explains how the defenses, barriers, and safeguards can be infiltrated 
by the trajectory of the accident (Reason, 2000). Figure 2.25 Presents the Swiss Cheese 
model and its features.   
 
 
Figure 2. 25: Swiss-Cheese Model (Adapted from Reason, 1990 cited in Nkosi, 2014) 
 
This model illustrates that the failure of the operating system is due to active and latent 
failures within the organization (Patterson, 2009). Active failures are regarded as unsafe 
acts of front line workers who are directly involved with the operating system and are 
usually linked to incidents/accidents, in which the consequences are instant. Latent 
failures are considered as unnoticeable failures that are usually concealed within the 
operating system until they lead to the occurrence of errors.  According to Reason 
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(2000) latent conditions have two forms of unfavorable effect: they can generate error-
provoking situations within the work environment (e.g. time pressure, inadequate 
personnel, and insufficient equipment), and they can translate into deep-rooted 
weaknesses (holes) in the barriers or defenses (e.g. malfunctioning alarms, inadequate 
procedures and design deficiencies.  Now, the Swiss Cheese Model is founded on the 
presumption that there are basis features within an organization that must be properly 
coordinated so that a safe and efficient system can be achieved (Reason, 1990) as cited 
in (Patterson, 2009). Unfortunate events are caused by malfunctions in the interactions 
of the features of the organization or the connection of latent and active failures to break 
through the barriers of the operating system. This explanation of Swiss Cheese Model 
by Patterson (2009) can be linked to the human factors model with error control by 
NOPSEMA (2015) which was presented earlier in this section. Therefore, the Reason’s 
model was established upon the Swiss Cheese metaphor which proposes that a number 
of contributors (the holes in cheese slices) have to line up for any unfortunate incident 
to occur (Reason et al., 2006). According to Wiegmann and Shappell (2003), what 
causes the "Swiss cheese" model be a special tool for analyzing accidents is that it 
encourages investigators to pay attention to latent failures within the causal sequence 
of events as well. This model is one of the popular human factors models used in various 
industries such as aviation, defense, health care and mining. Even though this Swiss 
Cheese Model is popular and useful, there is a case where a manual returned to the 
SHEL model as a framework accident investigation.  Wiegmann and Shappell (2003) 
argues that the Swiss Cheese Model is primarily descriptive, not analytical. It is further 
stated that for the model to be methodically and productively applied as a tool for 
analysis the "holes in the cheese" should be distinctly defined. According to Wiegmann 
and Shappell (2003) The Human Factors Analysis and Classification System (HFACS) 
was established to distinctly describe the latent and active failures incorporated in the 
Swiss-Cheese Model in order to be utilized as an investigation and analysis tool for 
accidents. This model framework will also be discussed in this section, since it is also 
key to human factors management.  
 
The SHEL model 
 
The SHEL model was initially brought forward by Edwards in 1972 and amended by 
Hawkins in 1987 as stated in Itoh et al. (2004) to include human factors into system 
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design (Rothblum et al., 2002), and to successfully achieve the human–machine 
combination and system design (Wiegmann and Shappell, 2003). This model is now 
officially set in motion as a human factor framework by the International Maritime 
Organization (IMO) (Itoh et al., 2004). The SHEL model is the acronymic of Software, 
Hardware, Environment and Liveware. This model regards human as an integral and 
not an independent feature of a productive system (Grozdanović, 2001). Figure 2.26 
below presents the features of the SHEL model.  
 
 
Figure 2. 26: SHEL model (Adapted from Itoh et al., 2004) 
 
 
The SHEL model is a conjectural model that intends to specify the interconnections 
among the diverse features of system and the operator (Itoh et al, 2004). Therefore, 
human errors are a result of failures in the interconnections between the human, the 
hardware, the software (Grozdanović, 2001). This model is also based on the system 
approach to human factors. Human error is not treated as a cause of incidents and 
accidents but as consequence of malfunction of features of in human-system 




The Human Factors Analysis and Classification System (HFACS) 
 
The Human Factors Analysis and Classification System was originally established by 
Shappell and Wiegmann (2003) for application in the US Navy,  and an attempt was 
made to make certain that the framework was helpful as an instrument for data analysis, 
as well as structure for accident investigation. (Patterson, 2009). Figure 2.27 below 

























Figure 2. 27: The Human Factors Analysis and Classification System (HFACS) 
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According to Wiegmann and Shappell (2003), HFACS is a holistic, user-friendly 
framework that help to adequately explore and analyze human error in the aviation 
sector. This framework is founded on Reason’s popular Swiss Cheese Model that 
clarifies causation of accidents. The HFACS is a four-level framework for addressing 
unsafe acts, preconditions for unsafe acts, unsafe supervision, and organizational 
influences. According to Patterson (2009), even though it was established for 
application within military aviation, HFACS has been utilized effectively within the 
civil aviation, aviation maintenance, air traffic control railroads piloted aircrafts. Kang 
(2017) confirms what is stated by Patterson (2009) concerning the application of 
HFACS, but adds offshore helicopter transport industry, health care, rail road, and 
mining industry. The HFACS methodology has been proven holistic, diagnostic, 
reliable, usable, and valid across a number sectors (Olsen and Shorrock (2010) cited in 
Diller et al., 2014).  
 
The Human Factor Diamond Framework  
 
The Human Factor Diamond (HFD) Framework was introduced by Alhogail eta al. 
(2015) and is arranged such that each of its two dimensions has two domains, that are 
represented a form of a diamond shape as shown in Figure 2.28.   
 
 
Figure 2. 28: The Human Factor Diamond Framework (Source: Alhogail, 2017) 
 





Table 2. 15: Dimensions and domains of the Human Factors Diamond (HFD) 
Framework (Adapted from Alhogail et al., 2015) 





Environment  Social norms; culture; standards; and practices 




Preparation  Awareness; knowledge; training; perception 
Responsibility  Commitment; practices; skills; performance  
 
Alhogail et al. (2015) cited in Alhogail (2017), presented the Human Factor Diamond 
(HFD) framework to point out the human factors that have an effect human behavior 
when working with information so that human related security threats can be 
minimized. This framework has not yet gained popularity and examined by other 
researchers for its use in other settings, however based on its features, it can be a very 
useful framework in various industry contexts.  
 
Complex Model of Risk Evaluation 
 
Complex Model of Risk Evaluation was introduced in the segment of machines safety-
working group for mechanical, physical and chemical risk Sinay et al. (1998) as cited 
in Grozdanović (2001) and it is applied in human risks. The fundamental concept of 
this model employs the point method to examine each critical factor associated with 
risk level. After the point method has been used to assess each component, the final risk 
value is compared with the acceptable risk value (Grozdanović, 2001). It is further 
stated that this model combines various fundamental features of human factor 
evaluation and assists in categorization of risk level of working area and working 
subject. 
Based on Grozdanović, (2001), Complex Model of Risk Evaluation consists of the 
following formulae for examining risk: 
 Calculation of risks factor attributable to technical equipment, i.e. risk factor of 
machine M is represented by: 
 





S (1-10) is value of potential damage  
Ex (1-2) is hazard exposure  
P (0.5-1.5) is accident probability  
Pr (0.5-1) is prevention likelihood   
 
 Calculation of environmental influences, i.e. risk factor of environment E is denoted 
by: 
 
𝐸 = 𝑊𝑟 + 𝐸𝑟𝑔 + 𝑁𝑖        (2.2) 
 
Where: 
Wr (0.5-1) is composition of working area  
 Erg (0.3-0.6) are human factors or ergonomics conditions  
 Ni (0.2-0.4) are other negative influences  
 
 Calculation of human factor H is denoted by: 
 
𝐻 = 𝑄 + 𝑃𝑠 + 𝑂       (2.3) 
 
Where: 
Q (0-10) is level of personal qualification   
 Ps (0-3) is personal physiological capabilities   
 O (0.2-0.4) is degree of work organization   
Using all formulae stated above, the final risk (R) value can be calculated using: 
 
𝑅 = 𝑀 ∙ 𝐸 ∙ 𝐻 ∙ (𝑀/30)       (2.4) 
 
Grozdanović, (2001), states that fundamental purpose of these calculations is to control 
the risk, to reduce almost all negative effects, such as illness, personal injury, fatality 
as well as technical consequences. This is one of the most useful models since it 
incorporates human factors in risk evaluation. Many industries can benefit from this 
method. However, it should be noted that this method can work well settings where 
HFE has been successfully implemented and there is access to HFE specialists or 
experts. Most essential technical safety requirements are incorporated in basic health 
and safety legislations. However, there is limited legislations specifically in South 
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Africa that are aimed at addressing human factors risks. Hence, this study will be 




The PEAR model was established for human factors with the central focus on the 
maintenance process (Southpac Aerospace, c2019). The utilization of this model 
ensures the ease identification and alleviation of human factors related issues (Johnson 
and Maddox, 2007). This model focuses on four essential considerations: people (P) 
who conduct the activities, environment (E) under which they operate, actions (A) they 
execute and resources (R) essential to complete the activites (Johnson and Maddox, 
2007). Figure 2.29 below presents the features of the PEAR Model. 
 
 
Figure 2. 29: PEAR model – an HF model for engineers (Source: Southpac 
Aerospace, c2019) 
 
Table 2.16 below presents additional human factors models and frameworks that have 







Table 2. 16: Additional Human Factors Models 
Model  Description 
Human Performance 
Excellence Model 
This framework was established by Xavier (2005) founded on the 
Malcolm Baldrige National Quality Award (MBNQA) criteria. It 
was aimed at fostering the continuous improvement culture and 
creativity established upon a robust principle of quality, 
professionalism and team excellence and to eliminate the potential 
for human factor errors (Xavier, 2005).  
Coal Mine Performance 
Improvement Framework 
(CMMPIF) 
This is a systematic framework that was developed by Nkosi (2014) 
with the focus on coal mine maintenance improvement through 
reduction of errors. Like Xavier’s framework, this framework was 
established as a key tool for maintenance performance enhancement 
through the establishment of a culture for continuous improvement 
and the premise built upon the strong emphasis on high quality 
standards (Nkosi, 2014).  
Error Management System This model encompasses all the features designed to address the 
human factors aspects of aviation operations and it is the practical 
application of human factors theory (Drew and Hopwood, 2015) It 
provides crucial knowledge, and tools that enable the organizations 
to understand the nature of errors that occur in order to be able to 
properly manage the risk (Drew and Hopwood, 2015). 
Systematic Human Error 
Reduction and Prediction 
Approach (SHERPA) 
This model is one of the human factors models that is utilized as a 
predictive Human Error Identification (HEI) technique rather than 
an incident analysis technique, and is normally used with a 
Hierarchical Task Analysis (HTA) Ghasemi et al. (2013).  
Human Error Identification 
model (HEI) 
This  is a predictive error identification model used to spot errors 
that can have an effect in the current and future systems (Isaac et al., 
2002) 
 
This section presented a number of HFE models and frameworks that have been brought 
forward in the previous years with an aim dealing with human error and improve 
human-machine relationship. Once power plants have adopted principles of HFE, they 
can then select any of the models or combination of models to incorporate in their 
maintenance process with an aim of addressing human error or reliability in their 






2.4.5. BENEFITS OF HUMAN FACTORS ENGINEERING  
 
One of the key elements that can lead organisations to implement HFE is benefits 
produced by HFE integration. Therefore, this section aims to unearth the benefits of 
implementing or using HFE in engineering processes, specifically in maintenance. 
According to Leva et al, (2015) HFE adoption offers an opportunity for quality 
enhancement, improved machine performance, minimised damage/risk to plant, 
reduction/prevention of errors, reduced cost and outages. It is further stated that HFE 
contributes in reduction of waste through improved reliability and prevention of 
unintended actions, minimisation/elimination of physical/mental stress and enhanced 
presentation of information. In the study by Federal Aviation Administration (2012) it 
is stated that HFE awareness results in enhanced quality, and environment that ensures 
continued human-machine safety and a more engaged and responsible workers. It is 
further stated that HFE leads to minimization of even minor errors and it provides 
quantifiable benefits such reduction in cost, less missed deadlines, minimization of 
work related injuries, and warranty claims reduction. In the study by (Koningsveld, 
2003; Loeppke et al., 2007) cited in Neumann and Dul (2010) there are considerable 
financial benefits as a result of enhancement of productivity and quality.  Neumann and 
Dul (2010) reveals that the use of HFE also leads to intangible benefits such as 
enhanced communications (Tjosvold, 1998), enhance morale of the employees (Hull 
and Azumi, 1988) and enhanced industrial activities. The implementation of HFE leads 
to maximisation of safety, cost effectiveness, improved work conditions, enhanced 
system acceptance and usability, enhanced human factors integration, maintainability, 
and reliability of systems (Kjaer-Hansen, 1999).  Carthey and Clarke (2010) indicates 
that awareness of human factors assists organisation to enhance the safety culture, 
improve teamwork and communication, improve design and lesson the likelihood of 
error. Dul (2011) alludes that the benefits of the HFE approach enhances the overall 
performance and improve the atmosphere of creativity and innovation for 
knowledgeable workers. The study by Lowe C and Lowe M (2014) confirms that HFE 
leads to reduction if errors and improved productivity, and further states that it resuslts 
in reduction of support costs, reduction in training time and cost and incerases job 
satisfaction. Joyner and Lardner (2004) also affrims that harnessing human factors into 
a process leads to safety enhancement and performance improvement and also adds 
improved level of enthusiasm, broard learning from incidents and accidents and 
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reduced repeat incidents. According to Sheikhalishahi et al. (2016a) HFE integration 
result in minimised risk factors, enhanced maintainability, decreased maintenance 
downtime, reduced costs, enhanced level of safety, improved efficiency. It is futher 
stated that HFE improves maintenance skills and knowledge of workers, motivates 
workers to improve their performance, reduces fatigue and work injuries, minimise the 
likelihood of human error, and enhances the workplace environment and contributes to 
employee satisfaction. Based on the benefits stated in this section it can be concluded 
that the impementation of HFE can contribute in improving the overall equipment 
effectiveness (OEE). OEE is regarded as a measure of success of inteventions aimed at 
improving operation (Kumar R. and Kumar V., 2014). OEE is normally used with total 
production maintenance (TPM). Aminuddin et al. (2016) indicates OEE is the 
foundation of TPM and lean manufacturing which are business improvement strategies 
that tackle the underlying losses that impede equipment efficiency. Table 2.17 Below 
presents the summary of benefits of implementing HFE.  
 
Table 2. 17: Summary of benefits of implementing HFE 
Benefits of HFE   Author/s  
Enhancement of quality Leva et al. (2015); Federal Aviation Administration (2012); 
Neumann and Dul, (2010); Kjaer-Hansen (1999); Lowe C & 
Lowe M we (2014); Sheikhalishahi, et al., (2016a); Aminuddin 
et al (2015) 
Reduction of defects or errors Leva et al, (2015); Federal Aviation Administration (2012); 
Neumann and Dul, (2010); Kjaer-Hansen, (1999), Lowe C & 
Lowe M we (2014); Sheikhalishahi, et al., (2016a); Aminuddin 
et al (2015) 
Minimization of breakdowns or 
unplanned shutdowns. 
Leva et al, (2015); Sheikhalishahi, et al., (2016a);  
Improved equipment efficiency 
and reliability 
Leva et al, (2015); Kjaer-Hansen, (1999); Sheikhalishahi, et 
al., (2016a) 
Decrease in incidents and 
accidents. 
Leva et al, (2015); Federal Aviation Administration 
(2012);Neumann & Dul, (2010); Joyner & Lardner, (2004); 
Aminuddin et al (2015) 
Reduction of maintenance and 
production cost 
Leva et al, (2015); Federal Aviation Administration (2012); 
Neumann & Dul, (2010); Kjaer-Hansen, (1999); Lowe C & 
Lowe M (2014); Sheikhalishahi, et al., (2016a); Aminuddin et 
al (2015) 
Improved employees’ morale Leva et al, (2015); Federal Aviation Administration (2012); 
Neumann and Dul, (2010); Lowe C and Lowe M (2014); 
Joyner and Lardner (2004); Aminuddin et al (2015) 
Performance or productivity of 
workers. 
Federal Aviation Administration (2012); Neumann and Dul, 
(2010); Neumann and Dul, (2010); Kjaer-Hansen, (1999); 
Lowe C & Lowe M (2014); Joyner and Lardner (2004)   
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The benefits or maintenance progress due to modern approach to industrial maintenance 




Figure 2. 30: Maintenance progress (Source: Deac et al., 2010) 
 
The number of benefits presented in this section should be able to justify the adoption 
of HFE. Even power plants after implementing HFE can measure their performance to 
confirm the achievement of these benefits which have been achieved in aviation and 
other industries that have incorporated HFE in their processes.   
 
2.5. BARRIERS TO IMPLEMENTATION OF HFE 
 
A literature review study by Pinder (2015), revealed a number of barriers to 
implementation of HFE such as financial considerations and pressures, perception that 
there is no financial benefit, fixed time scale, individuals and teams with different goals, 
lack of senior management commitment, lack of specific human factors knowledge, 
and unaware of how to access HFE specialist advice if it is not readily available within 
the organisation. Chung and Shorrock (2011) adds, the absence research articles 
relevant to practitioner’s concerns, large quantity of research that disguises the helpful 
information, restricted generalisability of research studies, and lack of awareness with 
regard to existing research work serve as barriers to HFE implementation. The critical 
barrier which is part of aspects that informed this research study is absence of basic 
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HFE guidelines or roadmaps that can be directly utilized Haslegrave and Holmes 
(1994). The study aims to develop a framework for the adoption if HFE and which can 
also be used for evaluation of organisation’s readiness to implement HFE principles. 
The other barrier to application of HFE is complex process that integrates several 
stakeholders, sometimes with conflicting needs Broberg (1997).  In the study by 
Timmons et al. (2014), the local context, informal organisational structures, cultures 
and practice, unwillingness to change ways of working, poor communication and team 
working, inadequate managerial leadership, and lack of focus on safety and quality 
were reported as barriers to HFE implementation. Table 2.18 Below presents barriers 
to implementation.  
 
Table 2. 18: Barriers to Human Factors Engineering Implementation 
Barrier  Author/s  
Lack of awareness and knowledge of human factors 
engineering. 
Pinder (2015); Chung and Shorrock (2011); 
Broberg (1997); Ala-Laurinaho and Launis 
(2006); Alhogail, (2015) 
Lack of commitment and support from 
management.  
 Rasmussen (2013); Jensen (2002); Alhogail 
(2015); Timmons et al. (2015) 
Financial considerations and pressures (e.g. fixed 
budgets). 
Pinder (2015); Anema et al. (2003)  
Lack of education and training on HFE principles. Pinder (2015); Haslegrave and Holmes (1994) 
Perception that there is no added value (financial 
benefit). 
Pinder (2015); Goodman et al. (2006) 
Lack of influence from human factors engineering 
specialists in the industry. 
Pinder (2015) 
Lack of specific data linking human errors to 
equipment failures, incidents and accidents.  
Pinder (2015) 
Organizational culture and resistance to change.   Rasmussen (2013); Timmons, et al. (2014) 
Insufficient resources (including HFE specialists) 
and tools.  
Pinder (2015); De la Garza and Fadier (2005)  
The complexity of the process which involves many 
stakeholders 
Pinder (2015); Broberg (1997) 
Lack of basic guidelines and procedures promoting 
the adoption of HFE 
Pinder, (2015); Haslegrave and 
Holmes (1994) 
Too much effort and time required to implement. Chung and Shorrock (2011); Broberg (1997) 





It is essential to address these barriers before embarking on a journey to implement 
HFE principles. The following section which is the core feature of this thesis discusses 
the critical factors that influence the implementation of HFE.   
 
2.6. THEORIES ON ADOPTION OF AN INTERVENTION  
 
2.6.1. INNOVATION DIFFUSION THEORY  
 
Diffusion is categorised as measures put in place to communicate the innovation over-
time by using various channels among stakeholders in a social system (Rogers, 2003 
cited in Dearing, 2009). The innovation diffusion theory or diffusion of innovations 
was made popular by Everett Rogers through the book that was published in 1962. The 
innovation decision process incorporates a number of possibilities and activities that 
are used by individuals or organisations over-time in assessing the new ideas and then 
make a decision to whether or not integrate the new idea with the current practices 
(Rogers, 2010). So, it is clear that the adoption of an intervention is not immediate but 
requires a series of steps and action points. The five stages model of innovation decision 
process is exhibited in Table 2. 19 below.  
 
Table 2. 19: Attributes of innovations (Adapted from Rogers, 2010) 
Stage  Name  Description  
1 Knowledge  occurs when an individual (or other decision making unit) is 
exposed to the innovation's existence and gains some 
understanding of how it functions. 
2 Persuasion  occurs when an individual (or other decision making unit) 
forms a favourable or unfavourable attitude toward the 
innovation. 
`3 Decision  occurs when an individual (or other decision-making unit) 
engages in activities that lead to a choice to adopt or reject the  
innovation. 
4 Implementation  occurs when an individual (or other decision making unit) puts 
an innovation into use. 
5 Confirmation  occurs when an individual (or other decision making unit) 
seeks reinforcement of an innovation-decision already made, 
but he or she may reverse this previous decision if exposed to 
conflicting messages about the innovation. 
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It can be seen from Table 2.19 that the first step towards the adoption of an intervention 
if knowledge about the intervention. “In this step, an individual learns about the 
existence of innovation and seeks information about the innovation” (Sahin, 2006).  
Once individuals have sufficient knowledge about the innovation or intervention, they 
can make informed decisions with regard to the use or rejection of an intervention.  
There are five innovation attributes that were brought forward by (Rogers, 2010; 
Dearing, 2009) which can be used for the diffusion of innovation. The key attributes of 
diffusion theory are as follows: 
 Relative advantage - efficacy and cost efficiency in relation to other methods. 
 Complexity - how easy it is to comprehend the innovation. 
 Compatibility - how consistent the innovation is with current practices.  
 Observability - the degree to which results of the innovation are noticed.   
 Trialability - the level to which an innovation can be piloted on restricted basis.  
 
These are more related with the perceptions of potential adopters in terms of their 
readiness to adopt an intervention or change. The way the prospective adopters feel 
about the innovation with regard to the above attributes determines whether they will 
use or reject the innovation. Figure 2.31 below exhibits the attributes of innovation or 














Figure 2. 31: Key components of diffusion theory (Adapted from Rogers, 1983) 
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For this study, only relative advantage and compatibility were extracted and integrated 
with the HFE success factors to determine the adoption of HFE principles in 
maintenance. These were extracted based on their relevance to HFE success factors that 
were derived through literature review. Another thing is that, generalizations about 
relative advantage and compatibility attributes in relation with their ability to explain 
the rate of adoption is supported by past studies and these generalizations can be useful 
in predicting the rate of adoption for innovations in the future (Rogers, 2010).  
It is also important to note that these attributes on their own without proper knowledge 
of an intervention cannot always guarantee decisions on either using or rejecting the 
intervention. The rate in which the intervention is adopted can be stimulated in any 
fragment of the population through vigorous and more effective communication and 
campaigns (Dearing, 2009). Thus, communication is vital at the initial stage of adoption 
which does not only assist in communicating the intervention but also aids the 
dissemination of knowledge.  
 
2.6.2. IMPLEMENTATION SCIENCE  
 
Implementation science or research was developed in or made popular by the healthcare 
industry. This was part of their efforts to close the research-to-practice gap with regard 
to considerable delays in incorporating evidence-based practices into routine general 
practice. It was selected for its relevance to the HFE application since there are many 
useful solutions or frameworks that have been developed, yet there is slow pace in their 
adoption outside aviation industry. Now, implementation research is defined as “the 
scientific study of methods to promote the systematic uptake of research findings and 
other evidence-based practices into routine practice, and, hence, to improve the quality 
and effectiveness of health services and care” (Eccles and Mittman, 2006). 
The study by Peters et al., (2013) summarises the meaning and requirements of the 
implementation research. This study is based on healthcare sector, hence useful features 
that are relevant to HFE were selected and located into the HFE research studies for the 
purposes of generating a conceptual framework for HFE implementation. The 
implementation outcomes or dimensions are acceptability, appropriateness, adoption 
(Peters et al., 2013; Chaudoir et al., 2013; Jafni et al., 2017), implementation cost, 
feasibility, fidelity, coverage and sustainability (Peters et al., 2013). However, since 
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this research study is intended for organisations that have not yet implemented or fully 
exploited the HFE, the dimensions that are related with the intention or readiness to 
implement an intervention were selected for the analysis.  The four key implementation 
outcomes or dimensions that this research study will focus on are presented below in 
Table 2.19.  
 
Table 2. 20: Implementation outcome variables (dimensions) 
Implementation 
Outcome 
Working Definition Related Terminology 
Acceptability The perception among the 
relevant individuals of the 
organisation that an intervention 
is acquiescent (Peters et al., 
2013). 
Relative advantage (Peters et al., 2013; 
Chaudoir et al., 2013) 
Comfort, credibility (Peters et al., 2013) 
Benefits, convenience (Jafni et al., 2017) 
Appropriateness The perception that the 
intervention is fit or pertinent to a 
specific context or for a specific 
prospective audience or problem 
(Peters et al., 2013). 
Relevance, perceived fit (Peters et al., 
2013) 
Compatibility (Peters et al., 2013; Jafni et 
al., 2017) 
Perceived usefulness or suitability (Peters 
et al., 2013; Jafni et al., 2017; Chaudoir et 
al., 2013) 
Cost The increscent cost of 
implementing or using the 
intervention and total cost which 
include the intervention itself 
(Peters et al., 2013). 
Marginal cost , total cost (Peters et al., 
2013) 
Adoption The intention, initial decision, or 
action to try to employ a new 
intervention (Peters et al., 2013; 
Chaudoir et al., 2013). Jafni, 
(2017) views adoption it as pre-
implementation.  
Uptake (Peters et al., 2013). 
Utilisation (Peters et al., 2013; Jafni, 2017; 
Chaudoir et al., 2013). 
Intention to try (Peters et al., 2013; 
Chaudoir et al., 2013). 
 
The factors mentioned above are not only relevant for pre-implementation and during 
implementation but also after implementation, but additional dimensions need to be 
considered to test an intervention after implementation. Relative advantage, 
appropriateness or adaptability and cost form part of what is sometimes called 
intervention characteristics. When introducing new technology or intervention one of 
the key things to do is to overcome the barriers and implement the potential benefits 
(Jafni, 2017). The implementation research should be conducted to first test the 
readiness of the sector and perceptions of relevant stakeholders with regard to 
importance of implementing the specific intervention. According to Jafni (2017) as the 
readiness is a crucial element since it refers or evaluates the acceptance of the relevant 
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parties towards the implementation of an intervention. It is further stated that the 
successful implementation of an intervention is highly dependent on the readiness of 
the organisation stakeholders. Implementation research is regarded as scientific inquiry 
into questions regarding implementation - the act of carrying an intention into effect 
(Peters et al., 2013).  The implementation research was also stimulated by noticing that 
the translation of evidence-based practices (EBPs) into common clinical practice is not 
straightforward, but requires intentional efforts (Bauer et al., 2015). 
 
2.7. FACTORS INFLUENCING THE USE OF HFE 
 
This section presents and analyses the dimensions and criteria for HFE implementation 
and application. According to Haslegrave and Holmes (1994) as cited in Pinder (2015), 
the absence of basic HFE roadmaps that can be used directly serves as a key barrier to 
HFE implementation. There is no specific study that was found with clear and 
comprehensive guidelines concerning the dimensions and criteria for HFE 
implementation. Therefore, a number of research papers addressing human factors 
adoption, integration and application into engineering systems were analysed with an 
intention to unearth the factors influencing HFE implementation. However, before the 
dimensions for HFE implementation were identified, analysed and discussed, the 
implementation science/research was looked at to see what needs to be addressed in the 
implementation research.  
 
2.7.1. RELATIVE ADVANTAGE  
 
Relative advantage is concerned with HFE attractiveness and enhanced benefits 
including financial benefits that are gained through the adoption of HFE as an 
improvement initiative. Only an effective maintenance process that incorporates HFE 
systematically reduces or prevents human errors in maintenance. Rogers (2010) as cited 
in Maduku (2015) defined relative advantage as the level to which an innovation is 
regarded as better than the concept it overtakes. In the new products or services, the 
relative advantage is classified as the extent to which a specific product or service 
appears to be exceptional in comparison with the already existing product or service 
(Bhasin, 2019). In this study, the new product or service in the power plant context is 
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maintenance that is integrated with HFE principles with an aim of optimising human-
machine relationship, where human is seen as an integral part of the system.  
HFE adoption assists organisations to optimize their sociotechnical work systems such 
as structures, policies and organizational processes Canas et al. (2011). The adoption 
of this approach optimizes human-system efficiency and effectiveness, safety, health, 
comfort, and quality of life (National Research Council, 2011). Other maintenance 
approaches are aimed at improving equipment efficiency, reliability and productivity, 
without putting human as the integral part of the system, hence human errors continue 
to occur in spite of the adoption of latest technologies.  Now, the main benefit of 
integrating HFE into maintenance is the minimization or prevention of human errors. It 
is confirmed by Kohn et al. (1999) that HFE evaluates the human-systems relationship 
by paying attention on enhancing efficiency, innovation/creativity, productivity and job 
satisfaction, with the objective of reducing errors. Most organization can only adopt an 
initiative if it has financial benefits, since organization are designed to make profits and 
stay productive, hence there should be great return on investments made.  Koningsveld, 
(2003) and Loeppke et al. (2007) cited in Neumann and Dul (2010) confirm that HFE 
application results in financial benefits from the productivity and quality gains. Eight 
studies which is 18% of the studies evaluated indicated the intangible benefits due to 
HFE application, and these benefits included improved communications (Tjosvold, 
1998) cited in Neumann and Dul (2010), improved employee morale (Hull and Azumi, 
1988) cited in Neumann and  Dul (2010), and improved industrial (Neumann & Dul, 
2010). The more the individuals or organisations that intend to adopt HFE perceive the 
initiative to be highly beneficial, the more likely the implementation of HFE. The 
success of every maintenance process to reduce or prevent human errors is highly 
dependent on the successful implementation of HFE within the organisation. 
 
2.7.2. COMPATIBILITY  
 
Compatibility is related with the appropriate alignment or link of HFE requirements 
with existing maintenance objectives and activities. Rogers (2010) viewed 
compatibility as the level of which an innovation is regarded to be in line with existing 
values, historic experiences, and requirements of the organisations that intends to adopt 
the innovation. It would be very difficult to adopt a maintenance improvement initiative 
that is not consistent with the existing maintenance cultures and norms of the adopting 
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organisation. Therefore, HFE should be consistent with maintenance practices for its 
successful implementation in maintenance of power plants.  
Elder et al. (2001) cited in Pinder (2015) indicates that the establishment of a number 
of procedures that clearly link the HFE requirements and approaches to the objectives 
of the various phases of the engineering process promotes the adoption of HFE 
principles. American Bureau of Shipping (2014) also confirms the need for direct 
cooperation between HFE, operations/maintenance, and other engineering fields 
through the whole lifecycle of the engineering system. 
To promote the adoption, HFE should not be considered as a standalone activity, hence 
it should be positioned in such a manner that it impacts the process strategies and their 
implementation (Village et al., 2012). The HFE principles will be adopted in power 
plant maintenance if individuals or organisations that intend to implement see a clear 
link between HFE and maintenance objectives.  
National Research Council (2011) states that HFE aims to enhance the human-system 
effectiveness and efficiency, safety, health, comfort and quality of life.  Coetzee (1998) 
indicates that maintenance aims to assist the production activities with adequate degree 
of operability, reliability, availability and of equipment at a reasonable cost. According 
to Schokry (2010), maintenance intends to maximize production, enhance service life 
of systems/equipment, optimize resource allocation, enhance equipment efficiency, 
minimize breakdowns and save cost. Based on the HFE and maintenance objectives 
stated above, it is evident that there is an explicit link between HFE and maintenance 
activities. HFE would not affect the achievement of maintenance objectives, instead it 
will improve the process of achieving the maintenance objectives.  
 
2.7.3. COST  
 
Cost constraint can serve as a barrier to adoption of HFE principles in maintenance, 
since cost impacts the implementation of various initiatives within the organisations.  
Pinder (2015) indicates that financial considerations such constrained budgets, can lead 
management of the organisation to be unwilling to allocate funds for HFE 
implementation, specifically if they perceive that there will be little or marginal 
financial benefits (Pinder, 2015). In the study by Anema et al. (2003), it is confirmed 
that, the financial status of the organisation prevents the implementation of HFE. The 
lack of budget serves as a barrier to adoption of HFE, specifically if leaders of the 
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organisation perceive that there is no need for HFE inclusion (Goodman et al., 2006). 
According to (McCafferty, 2002), cost benefits of incorporating HF into management 
systems are process specific and should be evaluated in accordance with the 
minimization of costs through the process improvement intervention.  McCafferty 
(2002) further states that, the cost/benefit measures of an HFE integrated system are 
often incorrectly perceived as intangible (McCafferty, 2002). Therefore, proper systems 
should be in place to ensure accurate quantification of cost benefits to justify the 
implementation of HFE. 
Since part of the aim of industrial maintenance is to minimize the maintenance costs 
therefore implementation of improvement initiatives should be justified through the 
economic point of view (Deac et al., 2010). It is apparent that if funds are requested 
introduce a new initiative, there must be clear evidence to management that the 
initiative being implemented will have a great return on investment.  
According to Sheikhalishahi, et al., (2016a) the crew resource management and 
workforce planning have a considerable impact on total maintenance cost. Now, Safaei 
et al. (2008) as cited Sheikhalishahi et al., (2016a) proposed an HFE model aimed 
simultaneously reducing the cost of workforce and the flow time of the work requests. 
The successful integration of HFE into maintenance will be proven through 
maintenance cost reduction, enhancement of equipment efficiency and improvement of 
personnel wellbeing. On the other hand Martorell et al. (2010) as cited in Sheikhalishahi 
et al., (2016a) indicates that a model addressing reliability, availability, maintainability 
and cost was proposed to adequately address the imapat of human resources and 
material resources (spare parts). Figure 2.32 below presents the cost scenarios where 
human factors are not integrated into a system, re-active incorporation of human factors 





Figure 2. 32: Cost scenarios of three different life-cycle strategies (Source: Virovac et 
al., 2017) 
 
It is clear from Figure 2.31 that the inclusion of human factors into a system does 
improve the financial status of the organisation. Rothblum et al, (2002) states that when 
HFE principles are introduced in the design stage of a plant or system, they can 
considerably minimise life-cycle costs and avert the requirement for expensive 
amendments/modifications. Design errors are inherited by maintenance as latent errors 
which after sometime manifest as active failures leading to catastrophic failures. 
Therefore, the reduction of human errors in maintenance should begin in the design 
phase by ensuring that latent errors are minimised. Dumitru and Boşcoianu (2015) 
brought forward a very crucial argument that the human and financial costs of under-
performance have become significantly high such that an informal approach to human 
factors is no longer feasible. Organisation need to be international with their systems 
aimed at addressing issues of human factor if they intend to maximise their production.  
The implementation of HFE requires workers to go through training so that they can 
sufficiently apprehend their roles and responsibilities.  Now, due to competing priorities 
within the organisation, cost of training especially when personnel are required to be 
absent from their present duties to attend training can hinder the HFE training Carthey, 
(2013). Latorella and Prabhu (2000) indicates that interventions must managed by 
responding to questions such as how to establish prospective alternative intervention 
strategies, select between these alternatives, and justify the cost of these solutions to 
management? Health and Safety Executive (2000) states that it is necessary to identify 
cost-effective improvements to maintenance activities. There is a variety of studies and 
models responding to the issue of human factors, so experienced experts can assist in 
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selection of cost-effective and efficient approaches of dealing with human factors in 
maintenance. Wiegmann and Shappell (2003) argues that in the current world, most 
companies cannot absorb the cost of accident prevention interventions in both time and 
money until they are proven useful. It is further stated that with constrained budgets, 
accident prevention measures should focus on the origins or main source of accidents, 
which in majority of instances, is the human (ICAO, 1993) as cited in Wiegmann and 
Shappell (2003). The previous statement confirms that most of accidents and errors in 
industries are attributable to human, hence addressing human factors is key to reduction 
of equipment failure and accidents. The implementation of HFE in maintenance can be 
justified through the reduction of human errors, hence improve equipment efficiency, 




The success of any project and improvement initiative requires the interest and support 
of top management. At the initial phases of any project, the critical factor to predict 
project success is top management support (Slevin and Pinto, 1986 cited in Bader, 
2017). In HFE, management leadership and commitment has been rated as the critical 
factor that influences the successful HF implementation (McCafferty, 2002; Pinder, 
2015; American Bureau of Shipping (2014). The successful implementation of HFE 
begins with management pronouncing that HFE is an organizational goal and by 
supplying the adequate resources for implementation (McCafferty, 2002). The top 
management’s endorsement of HFE and perceiving the value of HFE implementation 
can positively influence the HFE implementation (Pinder, 2015). The perception that 
HFE adds value to the engineering processes should motivate the top management to 
allocate adequate resources including sufficient financial support.  Management need 
to establish roles, responsibilities and accountabilities aimed at successful HFE 
implementation (McCafferty, 2002). Setting clear roles and responsibilities can assist 
the teams to perform their tasks effectively and efficiently during the implementation 
process for they would know exactly what it required from them. Management 
leadership is also key in setting up management structures that support the 
implementation of HFE and performance monitoring (McCafferty, 2002) and 
evaluation. Now, lack of top management commitment and emphasis on HFE are 
barriers to implementation of HFE Jensen (2002). Insufficient managerial leadership, 
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and not paying enough attention to safety and quality serves as a barrier to adoption of  
HFE (Timmons et al., 2014). Organisations that are going to succeed are the ones whose 
management possess the skills of imagination and creativity that are used in discovering 
better solutions that can be adapted to processes and with enhanced economic efficiency 
(Deac et al., 2010). It is important for senior management to buy into the concept of 
HFE team training, since their support for the training is key to knowledge required for 
successful implementation of HFE (Carthey, 2013). HFE training is key to ensuring 
that adequate knowledge of HFE integration is acquired.  Project risks associated with 
human factors should be evaluated by a competent and experienced person so that 
informed judgement can be made, however, as to how the HFE is implemented on any 
project, should be left at the discretion of project management (IAOGP, 2011). The 
previous statistics demonstrate that the management interest and commitment is key to 
adoption of a broad HFE program from the initiation through operation with an aim of 
achieving the human performance and safety goals (American Bureau of Shipping, 
2014).  
 
2.7.5. EMPLOYEE ENGAGEMENT  
 
It is important to engage employees in order to get their views and contributions prior 
the adoption of HFE.  Promoting awareness, involvement, participation and proper 
communication at all HFE levels are key HFE implementation and development 
(McCafferty, 2002; Rasmussen, 2013). According to Pinder (2015), it is crucial to 
collect ideas and experience of workforce and supervisors to ensure successful 
implementation of HFE. Now, employee engagement is fundamental to fostering 
responsibility and ownership. The enforcement of HFE without appropriate 
engagement of workers negatively affects the voluntary reporting and has dire effect in 
the use of equipment (Lee et al., 2007).  It is apparent that, imposing improvement 
initiatives on employees without seeking their participation and contribution creates 
resistance to the adoption. In the study by Lee et al., (2007), workers reported that they 
felt stressed by the HFE reporting assignment which came with additional work, hence, 
in some instances workers fabricated and reported artificial data. Adequate collection 
and recording of data is critical in the use of HFE, hence, it is vital to ensure proper 
engagement of workers and setting clear roles. In the study by Rasmussen (2013), other 
interviewee felt that they are involved in the planning process not because they want 
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them to participate but for legislation purposes. Therefore, it is important for employees 
to feel that management values their opinions and contribution so that they will commit 
themselves and take ownership.  
 
2.7.6. STRATEGIC PLANNING  
 
Strategic planning assists organisations in establishing direction, allocating resources 
and focussing energy to ensure that workers at all levels and other stakeholders make 
adequate  contribution towards the achievement of the desired objectives. Pinder (2015) 
and Elder et al. (2001) indicate that development of a set of distinct procedures linking 
HFE activities and approaches to the objectives of the various phases of the engineering 
process serves as promoter of HFE application. McCafferty (2002) states that 
management should establish HFE incorporation vision and mission statements. It is 
further stated that the strategic planning should include the following: 
 Clear objectives and direction on how to achieve these objectives. 
 Well defined responsibilities for planning and attaining objectives.  
 Well defined requirements and performance criteria.  
 Necessary resources required for HFE implementation. 
 Timelines for implementation. 
 Establishment of a suitable HFE culture. 
 Tools for providing accurate feedback to personnel. 
 Mechanism for review and follow-up.  
Pinder (2015) confirms what is stated by McCafferty (2002) with regard to strategic 
planning and adds that HFE champion should be appointed, and procedures of how to 
solve HFE issues should be established and integrated into planning. According to De 
la Garza and Fadier (2005), lack of the tools to help workers consider HFE serves as a 
barrier to HFE implementation. Therefore, strategic planning should ensure that 
appropriate tools for the incorporation of HFE are planned and management should 
provide these tools at the appropriate times. American Bureau of Shipping (2014) states 
that there is a need for direct collaboration between HFE, operations/maintenance, and 
other engineering fields through the whole lifecycle of equipment. Therefore, it is 
crucial to establish clear linkages between the HFE, operations/maintenance and 
business objectives and activities of the organisation to ensure successful 
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implementation and use of HFE. For complex projects it may be necessary to seek 
support from an HFE specialist (IAOGP, 2011), specifically if the organisation is 
unfamiliar with the integration of HFE into engineering processes. It is further stated 
that a robust HFE co-ordinator with adequate knowledge or clear apprehension of HFE 
objectives and experience of HFE projects, IAOGP (2011), should spearhead the 
implementation of HFE. It should be remembered that the successful execution of 
strategic plans is dependent on the commitment of top management (American Bureau 
of Shipping, 2014). 
 
2.7.7. KNOWLEDGE  
 
The organisation that wishes to adopt and use HFE principles need to develop clear and 
adequate training goals that support the acquisition of adequate and relevant 
knowledge. Vanderheiden and Tobias (2000) state that specific knowledge and the 
tasks of personnel promoting HFE approach could have positive influences on HFE 
implementation. McCafferty (2002), indicates that the depth of training, training 
requirements and competencies of workers that need to be trained for different needs, 
should be determined. It is further stated that the analysis should identify necessary 
skills, knowledge, aptitudes, experience, decision-making abilities associated with a 
particular position, including human factors specialists (McCafferty, 2002). Workers 
should go through HFE training and new communication patterns must be established 
Pinder (2015), with an aim of acquiring necessary knowledge required for 
implementation and use of HFE. According to McCafferty (2002), personnel should be 
selected and trained such that their knowledge and skills are adequate for the 
performance of the required activities, and their performance capabilities are 
maximised. Now, since HFE is aimed at reduction of errors to minimise incidents and 
accidents, so training and intense focus on safety enable employees to be more aware 
of risks and pay more attention on safety, which then impacts safety in general 
(Rasmussen, 2013). According to IAOGP (2011) project management may decide to 
implement HFE on any project however the HFE risk must be assessed by a person 
with the skill and experience to make well-informed judgement. American Bureau of 
Shipping (2014) states engaging the HFE professionals and other individuals that have 
an academic education and experience is essential to the success of the HFE program. 
The study by Carthey (2013) which focuses on the implementation of HFE in healthcare 
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indicates the following key elements with regard to knowledge and information 
necessary for the implementation and use of HFE: 
 Widening the understanding among teams concerning HFE approaches and 
methods for improvement.  
 Practical experience sharing or exchange with regard to use of HFE and utilising 
case studies of different scenarios.  
 Provide further information to teams through signposts to support the HFE 
implementation process in their own organisations.  
 
Dul et al. (2012) states that another way to enhance the utilization of high quality HFE 
is by promoting HFE specialists education, using high quality HFE standards and by 
encouraging HFE research.  
It is now clear that awareness, training and education are key to providing necessary 
knowledge for implementation and use of HFE. Hence, inadequate knowledge 
concerning HFE can serve as a barrier to HFE implementation. Low levels of 
awareness, lack of knowledge and understanding of HFE (Ala-Laurinaho and Launis, 
2006; Goodman et al., 2006; Broberg, 1997) by managers who make decisions and 
technical experts (Ali-Laurinaho and Launis, 2006) are cited as barriers to HFE 
implementation. Pinder (2015) revealed that barriers to implementation of HFE are 
inadequate education of engineers in HFE, lack of specific HFE knowledge,  and lack 
of access to HFE specialist advice if it is not immediately available within the 
organisation (Pinder, 2015). Research papers that are not relevant to concerns of 
practitioners, large quantity of research hide the key information, restricted 
generalization of research findings, and inadequate awareness by engineers with regard 
research studies are barriers to HFE implementation (Chung and Shorrock, 2011). At 
the beginning of the process of adopting and using HFE the concept of HFE-based 
training needs to be sold out to senior managers, since their support for training is 
essential (Carthey, 2013).  
 
2.7.8. ORGANISATIONAL CULTURE  
 
Generally, organizational culture is viewed as the combined effect of the conventional 
beliefs, traits, and values of workers within an organisation (Morcos, 2018). The 
organisational culture regulates the performance of individuals and teams when 
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fulfilling their duties. It determines whether workers feel motivated, dedicated, and 
engaged, or irritated, overloaded with work, and underappreciated (Groysberg et al., 
2018). Therefore, organisational culture that supports improvement initiatives and 
innovation is key to any process changes or improvement. McCafferty, 2002) states that 
the organisation should establish and maintain a company culture that supports the 
HFE, based on: 
 The belief in the organisation’s willingness to enhance organisational 
performance. 
 Motivation and empowerment to enhance individual performance. 
 Individuals that welcome responsibility and accountability.  
 Contribution and engagement at all levels in HFE development. 
 Devoted to an effective HFE initiative. 
 Establishment of a company culture, necessary to successful application of 
HFE.  
 
There should be a proper way to manage changes due to implementation of HFE to 
ensure successful optimization of human-system relationship. Lamonde and Richard 
(2006) states that monitoring systems to make certain that necessary changes are 
adequately introduced should be established. Since HFE requirements are integrated 
into existing technical requirements, an adequate change management process should 
be established to create a balance and smooth link between the activities (IAOGP, 
2011). The study by Rasmussen (2013) also emphasizes the importance of proper 
change management during the implementation and application of HFE. In the research 
by Timmons et al. (2014), the workers found it harder to practically implement the 
knowledge they have learnt in their own areas of participation due to informal 
organisational cultures and practices. It is further stated that informal organisational 
structures and cultures resulted to resistance to change ways of working. It is apparent 
that resistance to change can be solved by creating proper management process, 
establishing cultures that promote change and motivating workers to welcome change.  
According to Anema et al., (2003) it is difficult to make work adjustments and physical 
workload. Therefore, work adjustments and workloads should be clearly defined to 
enable proper implementation and application of HFE. The organisational culture 
should promote clear communication at all levels within the organisation. In the study 
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by McCafferty (2002) is it stated that other critical driver to implementation of HFE is 
the establishment of pre-planned communications protocols, devices and channels for 
both documented and verbal communications. Communication is also regarded as a the 
key feature for human errors management (Nkosi, 2014). Creating effective 
communication systems enables adequate information tracking and enhancement of 
reporting systems and it allows proper policy implementation and performance to be 
monitoring (McCafferty, 2002). Adopting a culture of good communication channels 
and adequate record keeping is regarded vital for the environment of cooperation 
between teams during the implementation process (Pinder, 2015). On the other hand, 
Timmons et al. (2014) records poor communication and team coordination as barriers 
to HFE implementation. The other aspect of organisational culture is motivation of 
workers to be committed to their duties and execute necessary activities with high-level 
of accuracy.  Mossink (1990) cited in Pinder, (2015) indicates that positive attitude 
towards HFE is key to successful application of HFE.  Jensen (2002) warns about 
reward system that does not incorporate performance that it will result in challenges for 
HFE implementation. Management influences the organisational culture 
(management/employees attitudes) and attitudes with regard to HFE adoption 
(McCafferty, 2002). It is further stated that contractors as well should be engaged in the 







































(Factors relevant to HFE) 
Relative 
Advantage 
Rogers (2010); Maduku (2015); (Bhasin, 
2019); Canas et al, (2011); National Research 
Council (2011); Kohn et al, (1999); 
Koningsveld, (2003); Loeppke et al. (2007); 
Neumann and Dul (2010); (Tjosvold, 1998); 
Hull and Azumi1(988) 
Compatibility Rogers (2010); Maduku (2015); Elder et al. 
(2001); Pinder (2015); American Bureau of 
Shipping (2014); Village et al., (2012); 
National Research Council (2011); Coetzee 
(1998); Schokry (2010) 
Cost Pinder (2015); Anema et al., (2003); 
Goodman et al., (2006); McCafferty (2002); 
Deac et al., (2010); Sheikhalishahi, et al., 
(2016a); Safaei et al. (2008); Martorell et al. 
(2010); Virovac et al., (2017); Rothblum et 
al., (2002); Dumitru and Boşcoianu (2015); 
Carthey, (2013); Latorella and Prabhu (2000); 
Health and Safety Executive (2000); 












HFE Success Factors 
Management Slevin and Pinto (1986 ); Bader (2017); 
McCafferty (2002); Pinder (2015); American 
Bureau of Shipping (2014); Jensen (2002); 
Timmons et al., (2014); Deac et al., (2010); 
Carthey (2013); (IAOGP, 2011) 
Employee 
Engagement 
McCafferty (2002); Rasmussen (2013); 
Pinder (2015); Lee et al., (2007)  
Strategic 
Planning 
Pinder (2015); lder et al., (2001); McCafferty 
(2002); De la Garza and Fadier (2005); 
American Bureau of Shipping (2014); IAOGP 
(2011) 
Knowledge McCafferty (2002); Rasmussen (2013); 
Pinder (2015); IAOGP (2011); American 
Bureau of Shipping (2014); Carthey (2013); 
Burder et al., (2012); Ala-Laurinaho and 
Launis (2006); Goodman et al., (2006); 
Broberg, (1997); Chung and Shorrock (2011) 
Organisational 
Culture 
Morcos (2018); Groysberg et al., (2018); 
Carthey (2013); Lamonde and Richard 
(2006); Pinder (2015); (IAOGP, 2011); 
Rasmussen (2013); Timmons et al., (2014); 
Anema et al., (2003); McCafferty (2002); 
Mossink (1990); Jensen (2002) 
 
 
The first part of Table 2.21 is presents dimensions that are used to assess the readiness 
to adopt a new intervention or innovative intervention. There are a number of factors 
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that are used in the application of new technology or innovations as discussed in this 
chapter. However, the focus was on dimensions that were found to be relevant to HFE. 
They have been derived and incorporated in this study for their relevance to HFE and 
based on the nature of HFE that it enhances creativity and innovation with regard to 
improvement of human-machine and human-technology system relationships. The 
second part focusses on critical success factors in the application of HFE. This is about 
the systematic management of human errors or mismatches between human capabilities 
and system requirements and modelling of environments under which human operate 
with an objective of human-system synchronization.   
 
2.7. CHAPTER SUMMARY  
 
As a result of diverse applications of power plants to fulfil domestic and industrial 
requirements and their contribution to social and economic needs, there is a need to 
develop interventions to ensure that power plants are running effectively and 
efficiently. The adoption or application of HFE principles has been generally 
acknowledged in the aviation, healthcare, maritime and other industries to considerably 
contributing in improvement of maintenance, thereby enhance the overall equipment 
effectiveness. However, there is absence or little on HFE application in maintenance of 
power plants, specifically in South Africa, yet these power plants encounter incidents 
and accidents related to human error.  
This chapter evaluated the maintenance practices adopted in South African power 
plants as well as challenges faced by these power plants. The aim was to unearth human 
related activities that are prone to human error as well as human error committed in 
power plants over the years, so as to justify the adoption of HFE principles in 
maintenance of power plants. So the types and classifications, causes and impact of 
human error in maintenance have been discussed. Various models and frameworks for 
analyzing and managing human error were identified and discussed. Now, it was 
discovered that as much there is an ongoing study in diverse industries with regard to 
human error, not much has been done for power plants, specifically in South Africa. 
Most of the studies evaluated with regard to South African context were either 
identifying human error or causes of human error, but nothing on the implementation 
strategies or frameworks. There are various barriers that lead to failure to implement or 
adopt HFE principles, however two that stood out and led to this study are lack of 
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influence from HFE specialists and lack of guidelines or roadmaps for adoption of HFE. 
Hence, this research focused on developing a framework for HFE implementation. With 
this study the researcher aims to influence the South African power plants to implement 
HFE principles in their maintenance processes. It also aims to use HFE implementation 
framework to assess the perceptions of maintenance personnel with regard to the 
importance of HFE implementation dimensions and criteria and it will also examine the 
readiness of South African power plants to implement HFE.  
The next chapter will discuss the research methodology adopted for this research study. 
It will discuss the theoretical framework development, and examine various theories 






































CHAPTER 3: CONCEPTUAL MODEL  
 
3.1. OVERVIEW  
 
The literature revealed that the implementation research is about scientific measures 
taken to promote the systematic integration of well-established interventions into 
routine use. It intends to bridge the research-to-practice gap. Now, the aviation industry 
has developed a number of HFE models or solutions that are compatible with 
maintenance. These solutions or interventions aimed at improving human-system 
relationships, thereby enhancing the overall system efficiency suffer from slow pace of 
or no adoption outside the aviation industry. South African power plants were also 
found to have a number of maintenance problems and in some instances they are 
attributable to human error. So, maintenance problems in power plants are complex and 
heterogeneous and they are rarely caused by one feature or constituent of a socio-
technical system. Therefore, power plants can benefit from the adoption of human 
factors engineering (HFE) which leads to systematic evaluations, proper identification 
of problems, prioritization of problems, and evolution of effective and practical 
solutions. To respond to HFE research-to-practice gap and research-context gap within 
the power plants settings, this chapter presents the conceptual model intended to 
determine the readiness to implement HFE in maintenance of power plants, specifically 
in South Africa. Now, there was an absence of well-defined models for evaluating and 
facilitating the implementation of HFE. Thus, to close this research-to-theory gap, the 
factors for successful use of HFE were integrated with some attributes of innovation 
diffusion theory and implementation science that are relevant to HFE so as to formulate 
the conceptual model. The implementation science theorizes that relative advantage, 
compatibility and cost determine the willingness to adopt an intervention (Peters et al., 
2013; Chaudoir et al., 2013; and Jafni et al., 2017). Relative advantage and 
compatibility are also confirmed by innovation diffusion theory as influencers of 
adoption of an innovative intervention (Rogers, 2010; Dearing, 2009, Maduku, 2015). 
These variables were also confirmed through examining HFE requirements and 
together with strategic planning were found to have an influence in successful use of 
HFE. After careful examination of HFE literature, these variables were classified as 
independent variables that have an influence on the willingness/readiness to adopt HFE 
which is classified as a dependent variable. The readiness theory further adds factors 
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such as management commitment, employee engagement, training and knowledge, and 
organisational culture/change management and classify them as people side of things 
in determining readiness for implementation and change associated with it  
(Mangundjaya, 2013; Makumbe, 2016; Capacity Building Center for States, 2018). The 
conceptual model exhibits the consolidation of traits of interventions that are used to 
measure the probability of acceptance and readiness for change associated with HFE 
implementation.  
 
3.2. FEATURES OF THE CONCEPTUAL MODEL  
 
3.2.1. RELATIVE ADVANTAGE  
 
Relative advantage is related with the degree to which an intervention gives better 
benefits than the idea or practice that it seeks to replace or improve. Various authors 
support an idea that innovative interventions that have advantages or greater benefits 
than current practices have a likelihood of diffusion or increased use (Alshamaila and 
Papagiannidis, 2013). The relative advantage may also influence the use of an 
intervention even in instances where it is costly to use it. This is supported by Downs 
and Mohr (1979); Ngah et al. (2014) who noted that companies can readily make use 
of an innovative intervention when there is a perception that advantages of using it 
outranks its cost. The high profitability of specific products was identified as one of the 
positive promoters that have a permanent effect on the company’s willingness to 
consider HFE (Vanderheiden and Tobias, 2000 cited in Pinder, 2015). Thus, it is 
hypothesized that the relative advantage of HFE is positively related to its adoption.  
 





Compatibility is regarded as the extent to which an intervention is adaptable to the 
existing practices and needs of prospective adopters. Now, if the innovative 
intervention can be incorporated and synchronized with the company’s existing 
practices, there is a high probability of its dissemination or full use (Damanpour and 
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Magelssen, 2015). The establishment of a number of procedures that clearly link the 
HFE requirements and approaches to the objectives of the various phases of the 
engineering process promotes the application of HFE (Elder et al., 2001 cited in Pinder, 
2015). Therefore, it is hypothesized that compatibility of HFE with maintenance 
practices and activities will increase the eagerness to use HFE.  
 
H2: Compatibility determines the readiness to implement human factors engineering.  
 
3.2.3. COST  
 
Cost of HFE can include the use of HFE specialists, additional training and technologies 
required. Usually, interventions are prevented by the limited budget or cost constraints 
of the organisation or department that wishes to adopt them.  Pinder (2015) states that 
financial considerations can influence the management to be unwilling to spend money 
on using HFE. It is hypothesized that cost influences the decision to adopt HFE.  
 




The management of the organisation is responsible for a number of tasks during the 
implementation of an intervention such as provision of resources including financial 
support. Hence, management commitment and support is required for the adoption of 
an intervention. In the initial phases of any project, the critical factor to predict project 
success is top management support (Slevin and Pinto, 1986 and Bader, 2017). One of 
the key promoters of the application of HFE is commitment of the top management 
(Mossink, 1990 cited in Pinder, 2015; American Bureau of Shipping, 2014). Thus, it is 
hypothesised that management influences the adoption of HFE.  
 







3.2.5. EMPLOYEE ENGAGEMENT  
 
Employee engagement is related with the extent to which employees are involved when 
taking decisions that may affect their duties and work environment. This serves as a 
motivation of feeling valued within the organisation. Promoting involvement, 
participation and proper communication at all HFE levels is one of the requirements for 
a successful integration or application of HFE (McCafferty, 2002; Rasmussen, 2013). 
Drawing ideas and experience of operators to improve a system and clear 
communication channels are regarded as promoters of the application of HFE. Hence, 
it is hypothesized that employee engagement determines the successful adoption of 
HFE. 
 
H5: Employee engagement determines the readiness to implement human factors 
engineering. 
 
3.2.6. STRATEGIC PLANNING  
 
Strategic planning is related with prioritization of activities, provision of resources, and 
ensuring that all stakeholders have clear roles and responsibilities towards 
implementation of a strategy.   For successful integration of HFE, management should 
establish HFE incorporation vision and mission statements, clear objectives, well 
defined responsibilities for planning and attaining objectives (McCafferty (2002).  
According to Pinder (2015) on of the frequently mentioned organisational hindrance to 
the incorporation of HFE is inadequate planning. It is thus hypothesized that strategic 
planning determines the adoption of HFE.  
 
H6: Strategic planning determines the readiness to implement human factors 
engineering. 
 
3.2.7. KNOWLEDGE  
 
Having specific knowledge on HFE has a positive effect on HFE application 
(Vanderheiden and Tobias, 2000). On the other hand, lack knowledge and 
understanding of E/HF (Ala-Laurinaho and Launis, 2006; Goodman et al., 2006 cited 
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in Pinder, 2015). So, potential adopters of HFE should promote the acquiring of new 
knowledge that supports the use of HFE. It is hypothesized that acquiring HFE specific 
knowledge influences the adoption of HFE.  
 
H7: Knowledge determines the readiness to implement human factors engineering. 
 
3.2.8. ORGANISATIONAL CULTURE  
 
The organisational culture regulates the performance of individuals and teams when 
fulfilling their duties. It determines whether workers feel motivated, dedicated, and 
engaged, or irritated, overloaded with work, and underappreciated (Groysberg et al., 
2018). In the study by Pinder (2015) it was revealed that inadequate organisational 
cultures serve as a barrier to use of HFE. Thus, it is hypothesized that organisational 
culture has an influence in the application of HFE.  
 
H8: Organisational culture determines the readiness to implement human factors 
engineering. 
 
3.2.9. READINESS TO IMPLEMENT HFE 
 
The eight features of the model presented above were integrated to measure the 
readiness to implement HFE. Jafni (2017) states that the readiness is a crucial element 
since it refers to or evaluates the acceptance of the relevant parties towards the adoption 
of an intervention. It is crucial prior the adoption of HFE to solicit the perceptions of 
the potential adopters to determine whether they believe HFE principles should be 
adopted in their organisations.  
 
3.3. THE CONCEPTUAL MODEL  
 
The conceptual model emerges from the theoretical framework and in most cases it is 
centered on the features that are regarded as the foundation of the research problem and 
inquiry (Kumar, 2011). It gives life to a research Imenda (2014). The conceptual model 
used in a graphical or narrative form to illustrate the pivotal variables or constructs to 
be investigated and the suggested links between them (Huberman, 1994). There are 
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normally two types of variables that the conceptual framework can be built upon that 
is independent variable and dependent variable. The conceptual model of this study is 



















Figure 3. 1: Proposed conceptual framework. 
 
3.4. SUMMARY  
 
This chapter presented a brief background to the formulation of the conceptual model. 
It then presented the features of the conceptual model and proposed hypotheses to guide 
the research efforts. It then closes by presented a consolidated conceptual model for 
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CHAPTER 4: RESEARCH METHODOLOGY 
 
 
4.1. INTRODUCTION  
 
This chapter aims to examine and discuss the philosophical and methodological matters 
pertaining the study and theoretical framework, research design, and research process 
flow with regard to the human factors engineering (HFE) implementation research. 
According to Fellows and Liu (2007) research methodology is about the fundamental 
concepts and techniques of reasoning process that are used in a scientific investigation. 
The study begins with discussing the fundamental concepts of the theoretical study 
followed to establish the theoretical framework to serve as a foundation and guide for 
this research study. It discusses the considerations that were taken into account by the 
researcher when choosing the quantitative methodology as a preferred methodology for  
this study. The merit of the research approach, strategy and methods lies in the ability 
to help the researcher in meeting the main aim and objectives of the study in most 
effective and efficient way (Haron, 2013). Hence, it was necessary for this study to 
ensure that a proper process was followed for the research design. Several steps 
including deciding on the research paradigm, philosophy, approach, strategy and 
methods for gathering and evaluation of the data relevant to this study are discussed 
deeply in this chapter. This chapter also discusses several features of the quantitative 
study as a strategy. These include the analysis of strengths and weaknesses of a 
quantitative study and what led to the selection of this method. The necessity of this 
chapter is in the requirement to develop research methods and process flows serving as 
guide to the steps and ideas needed and followed in gathering, analyzing and discussing 
research data, feedback and findings. Since the scientific research requires a systematic 
investigation and analysis of primary and secondary data to either create new or add to 
existing knowledge domain an effective research methodology is required.  Now, 
according to Kothari (2011) there are seven sequential steps that are followed in a 





Figure 4. 1: Research process flow chart (Source: Kothari, 2011) 
 
This research process that incorporates the seven-step process was used in this research 
study for it sufficiently addresses the activities involved in a research of this nature. The 
research methodology fits into the overall study research process. Now, to better 
comprehend and interpret the features of a research methodology, this study used and 
reshaped the research design onion developed by Saunders et al (2019) since it helps in 
narrowing down and linking the research philosophy, approach, strategy and 
techniques. Saunders et al (2019) presents a research onion that describes the aspects 
that need to be considered when the researcher aims to create an efficient research 
methodology. The usefulness of this research onion is in its flexibility to be used to 
nearly with all forms of research methodology and applicability to various settings 
(Bryman, 2012). Now, based on the research onion the research methodology is 
consequently regarded as the overall strategy adopted in the scientific inquiry consisting 
of aspects such as research philosophy, approach, strategy and techniques. Figure 4.2 
below which was extracted from Saunders et al., (2019) and redrawn, presents the 
comprehensive research onion that assisted the researcher to create the research 





Figure 4. 2: The research onion (Adapted from Saunders et al, 2019) 
 
With the aid of the research onion presented in Figure 4.2, the researcher created a 
research onion representing the research design followed in this study. It is apparent 
based on figure 4.3 the outer layer represents the emerging research philosophy, which 





Figure 4. 3: The research onion specific to this study 
 
The study was mainly quantitative in using success factors to determine the readiness 
or capability of power plants to implement HFE in their maintenance processes. These 
determinants were used to create a framework to would facilitate the implementation. 
The following sections will present aspects of the research flow process and research 
methodology.  
 
4.2. THEORETICAL FRAMEWORK 
 
The theoretical framework supports the presentation and explanation of the theory that 
articulates the reasons for the existence of the research problem under study (USC 
Libraries, 2019). In most cases, the theoretical framework is confused with the 
conceptual framework, while they differ in definition and application. Adom et al. 
(2018) confirmed by indicating that, even though these terms may appear to be almost 
identical, but they differ from each other in idea and in their expected outcome in the 
scientific investigation.  The confusion might be caused by the fact that they share the 
objective of guiding the study. However, they differ in how they fulfil this objective. 
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According to Adom et al. (2018) both the theoretical and conceptual frameworks assist 
by giving direction to the research and serve as a base for its authenticity. It is further 
stated that the general objective of both frameworks is to assist with more relevant 
research findings, admissible to the hypothetical phenomenon in the research domain 
and make certain that generalizability is possible. Imenda (2014) states that life to a 
research is given both the theoretical and conceptual frameworks. Now, theories have 
been developed to describe, predict, and comprehend the phenomena and, in most 
instances, to interrogate and expand the existing knowledge within the boundaries of 
critical assumptions (USC Libraries, 2019). Hence, the theoretical framework is 
composed of theories in conjunction with their definitions extracted from applicable 
scholarly writings (USC Libraries, 2019). It prepared a configuration used to illustrate 
the way in which the study is defined epistemologically, philosophically, 
methodologically and analytically (Grant and Osanloo, 2016). Figure 4.4 below 




Figure 4. 4: Theoretical Framework 
 
Ravitch and Carl (2016) agrees that the theoretical framework serves as an aid for 
researchers in locating and contextualizing recognized concepts into their studies. It is 
important to note that the theoretical framework has a likelihood to change as more 
scholarly writings within the research area are engaged. However, it is critical to 
establish it since it gives direction to the study, and if it is not considered, there is a high 
possibility of going through a large amount of literature which may not be applicable 
to the study. The theoretical framework assisted in refining the research problem 
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4.2.1. MAPPING THE RESEARCH PROBLEM  
 
The foremost and critical step of the research process is the establishment of the 
research problem (Kumar, 2011). The research problem is viewed as an intellectual 
stimulus necessitating an answer in a form of a scientific investigation (Frankfort-
Nachmias and Leon-Guerrero, 2016). It is synonymous to the discovery of a destination 
prior embarking on a journey (Kumar, 2011). The main reason why the research 
problem is an important feature of the research pathway, is that the quality and 
applicability of the entire research study is highly dependent on it (Kumar, 2011). The 
formulation of the research problem implies narrowing down the broader scope in a 
research topic to undertake the clearly defined research problem within the knowledge 
area that is adequate for investigation (Fox and Bayat, 2008). The research problem that 
was established for this study relied on the secondary data that was extracted from the 
scholarly writings pertaining human factors engineering, implementation science and 
innovation diffusion theory. The research problem actually incorporates the research 
and knowledge gaps that need to be closed by new research either because little is 
known or there is absence of knowledge related with the specific gaps. Through the 
secondary data it was discovered that there has been limited research studies and 
industry reports regarding HFE in maintenance of power plants, specifically in relation 
with implementation. This can be categorized as a knowledge gap which the study was 
aiming to close. It is a knowledge gap on the basis that there has been no comprehensive 
guide or roadmap for implementing HFE especially based on the concepts of 
implementation science and innovation diffusion theory which governs the 
implementation of a new intervention.  The research gap of the study was related with 
the critical success factors to HFE implementation with regard to power plant’s 
intention to try, readiness to implement and HFE adoption in the South African context.  
This is regarded as a research gap for there is a number of human factors frameworks 
and models that have been developed and implemented in other industries such as 
aviation and healthcare, yet there is too little in power plants. Unearthing these gaps 
guided the formulation of the research problem for this study. The research problem 
statement of this study is presented in Chapter 1. It served as the basis for the 





4.2.2. FUNDAMENTALS OF RESEARCH QUESTION AND OBJECTIVES  
 
The research question is one of the critical aspects of a research study. It serves as an 
aid for narrowing down the centre of interest of the research and distinguish the 
applicable literature to be reviewed and the nature of data to be collected (Mungai, 
2019). It is alluded by Bryman (2016) that the research question serve as a guide to 
search of relevant scholarly writings, choice on the type of research design to be 
followed, the decision about the essence of data to be gathered and the respondents to 
be involved, techniques of data analysis. It is further stated that, it also prevents one 
from taking an illogical direction and presents the readers with the intelligibility of the 
research with regard to what the research is all about. The research question of this 
study was related with factors that influence of HFE implementation that can be used 
to measure the readiness of power plants to implement. Another critical aspect, 
depending on the nature of the study is the formulation of the objectives. According to 
Aaker et al. (2013) defining the objectives of the study as clear as possible helps in 
determining the relevant information related to what the study aims to measure and the 
information necessary to decision makers. This research study presented clear 
objectives (see Chapter 1) which this study aimed to achieve. The other element of the 
research objectives is that they guide the presentation of the conclusions reached and 
recommendations made. The key objective of this research study was to create a 
framework for the determinants of readiness to implementation of HFE. This can be 
used as a guide for implementation, specifically in maintenance of South African power 
plants.   
 
4.2.3. MAPPING THE LITERATURE REVIEW 
 
One of the critical aspects when undertaking a research project is to engage the available 
literature with an aim of familiarizing the researcher with the existing knowledge 
domain in the focus area (Kumar, 2011). It also helps in establishing the need for 
conducting the study and to locate the study within the existing literature.  According 
to Kumar (2011) literature review also supplies the study with a theoretical background 
and it assists in the formulation of links between what is proposed for investigation and 
what already exists in the knowledge domain.  Conducting a literature review also assist 
with the comprehension of how the feedback or findings of study correspond with the 
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available body of knowledge (Martin, 1985 cited in Kumar, 2011). The literature review 
in this study incorporated the essential scholarly writings or authors on the subject being 
studied. The search for papers used in the literature review began with typing key words 
“human factors” and “maintenance”. The books, journals, conference papers, industry 
reports and others from the human factors engineering area, specifically in relation with 
maintenance were used for the literature review. The applicable literature addressed the 
comprehensive and more specific theoretical data. It included the review of the latest 
knowledge, trends and challenges in the area of human factors engineering (HFE) with 
specific attention to implementation in a maintenance organization or process. The 
preliminary literature review was conducted and presented leading to the identification 
of the research problems to form the research question, aims and objectives (see 
Chapter 1).  A detailed literature review on the research area was conducted to analyze 
theories and extracts and organize knowledge concerning human factors engineering, 
and implementation criteria. The human factors engineering concepts and frameworks, 
implementation research/science and innovation diffusion theory resulted to the 
formulation of a conceptual framework and hypotheses of the study. In this study, the 
literature review also assisted in giving direction on choosing the sufficient sample size 
and identifying the variables for testing the concepts of interest (Mertens, 2015). 
Through the review of scholarly writings, the researcher was also able to identify the 
appropriate data analysis procedures and techniques. The literature review also led to 
the establishment of a conceptual framework of the study, which narrowed down the 
concepts into more specific aspects related with the implementation or application of 
HFE. 
 
4.2.4. CONCEPTUAL FRAMEWORK 
 
The conceptual framework emerges from the theoretical framework and in most cases 
it is centered on the features that are regarded as the foundation of the research problem 
and inquiry (Kumar, 2011). It is a researcher’s simple illustration of how the research 
problem would be investigated (Steward, 1968 cited in Adom et al., 2018). According 
to Miles and Huberman (1994) a conceptual framework can be used in a graphical or 
narrative form to illustrate the pivotal variables or constructs to be investigated and the 
suggested links between them. There are normally two types of variables that the 
conceptual framework can be built upon that is independent variable and dependent 
141 
 
variable. Kumar (2011) viewed the independent variable as a dimension that is 
responsible for change(s) in a phenomenon and a dependent variable as an outcome or 
change(s) that resulted from the inception of an independent variable. The conceptual 
framework of this study is presented in Chapter 3. Now, from the conceptual framework 
the hypotheses of the study were developed.  
 
4.2.5. FUNDAMENTALS OF HYPOTHESES  
 
Hypotheses are created after thoroughly engaging the scholarly writings (Fain, 2014). 
It is also agreed by (Iacobucci and Churchhill, 2010) that the formulation of the 
hypotheses for scientific investigation require adequate prior knowledge which will 
serve as a basic guide in the creation of a questionnaire. Webster’s New International 
Dictionary of English Language (1956) defines the term “hypothesis” as “proposition, 
condition or principle which is assumed, perhaps without belief, in order to draw out 
its logical consequences and by this method to test its accord with facts which are 
known or may be determined.” Hypotheses emerge from the available body of 
knowledge and they must be verifiable (Mertens, 2015). According to (Grinnell and 
Siegel, 1988), hypotheses are presented in a manner which can be proven or disproven 
through the collection and analysis of valid and reliable data. They are regarded as 
specific expectations extracted from the theoretical framework as stated by Latusek and 
Gerbasi (2010), to give direction to the scientific investigation for the evolution of 
knowledge.  The aim of the hypothesis is to bring simplicity, precision and direction to 
a research problem, but are not vital for a research study, which means a rational 
research inquiry can still be performed without formulating a single formal hypothesis 
(Kumar, 2011). This study adopted the hypotheses since, they assist the researcher to 
identify the precise information to be gathered, and consequently provide the specific 
centre of interest (Kumar, 2011). The establishment of a hypotheses requires the 
identification of variables that are applicable to the study from the existing literature. 
Hence, the conceptual model with independent variables and dependent variable was 
developed to guide the establishment of the hypotheses of the study (see Chapter 1 and 
Chapter 3). It must be noted that the hypotheses were established upon the major 
theoretical concepts. The following sections discuss the research design aspects used in 




4.3. RESEARCH PHILOSOPHY 
 
There are a number of assumptions that a researcher make when engaging into a 
scientific investigation. These assumptions or paradigms lead to the choice of 
philosophies that will govern the study. According to Burrell and Morgan (1979) cited 
in Saunders (2009) irrespective of whether the researcher is cognizant of the 
assumptions or not, during every step of the research there are various assumptions that 
the researcher will make. The assumptions related with knowledge of human 
(epistemological assumptions), related with the realities uncovered in the research 
(ontological assumptions) and the degree and fashion in which the researcher’s values 
impact the research process (axiological assumptions) form part of the research 
assumptions (Saunders, 2009). These philosophical approaches allow the researcher to 
make choices with regard to approaches that should be followed and reasons for making 
those choices which is guided by the research questions (Saunders et al 2009 as cited 
in Tharkurta  and Chetty, 2015). These assumptions assisted in forging the apperception 
of the research question, the methodology and explication of research outcomes (Crotty 
1998 as cited in Saunders 2009). Tharkurta and Chetty (2015) classify the epistemology 
as a positivism, realism and interpretivism within the research philosophy domain.  
Table 4.1 presents the research assumptions or paradigms and their influence on 























Table 4. 1: Research paradigms and philosophies (Adapted from Saunders, 2019) 
Ontology 
(nature of reality or 
being) 
Epistemology 
(what entails acceptable 
knowledge) 
Axiology 











Distinct and quantifiable 
realities  
Law-like generalisations 
Numeric values  
Causality description 
and 
prediction as outcome 




researcher from what 
is studied 
Researcher holds and 






research methods, but 





Arranged socially  





Variance of methods, 
expertise, practices 
Oversimplified 
constructs and concepts  
Centred on narratives, 
stories, opinions and 
explanations  
New apprehension and 
















research methods, but 
a variety of data can 





‘Reality’ is the 
practical outcome  of 
conceptions  




Practical descriptions of 
knowledge distinct to 
settings 
True constructs and  
knowledge are those that 
led to accomplishing an  
activity 
Centred on problems, 
practices and pertinence 
Problem solving and 
informed future practice 




and continued by 
researcher’s 
doubts and beliefs 
Researcher instinctive 
Begins with research 
problem and 
question 









The other research philosophical assumption is ontology which is associated with the 
nature of reality (Saunders et al., 2007). It is further stated that the first aspect of this 
research paradigm is objectivism, which characterizes the notion that the reality of 
social science organisms exist outside the social actors related with their existence. 
Secondly, the ontology is related with subjectivism which is based on the premise that 
social experiences are established as a result of ideas and actions of those social actors 
related to their existence (Saunders et al., 2007). The axiology which is also a research 
philosophical assumption assist in dealing with the role of researchers during the study 
as it can be seen in Table 3.1 above. So, since the endeavor of the natural scientist is 
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recognized through a discoverable social entity, it follows positivism as a philosophical 
approach (Tharkurta and Chetty, 2015). According to Saunders (2019), positivism is 
concerned with the philosophical stance of the natural scientist and it necessitates 
operating with a recognizable social reality to establish generalizations that may be 
similar to law and guidelines. Another aspect of positivism is that, the researcher that 
adopts it adheres to a methodology that is highly structured so as to simplify the 
hypothesis and it works on quantifiable observations that can be analyzed statistically 
(Tharkurta and Chetty, 2015). When extreme positivist position is adopted, 
organizations and social systems would be viewed as real, similarly to physical objects 
(Saunders, 2019). Now, interpretivists draw from the epistemology with which the 
centre of interest is on the evaluation of differences between humans as social actors 
(Tharkurta and Chetty, 2015). The understanding of social roles, even the roles of other 
people has been introduced in relation with own array of meanings in interprevitism 
philosophy (Tharkurta and Chetty, 2015). Table 4.2 presents the basic differences 
between the positivist and interpretivist philosophical positions. This table add few 
aspects and explains other aspects differently from Table 4.1.  
 
Table 4. 2: Positivism vs Interpretivism (Adapted from Tharkurta and Chetty, 2015) 
 Positivism  Interpretivism 
Feature The researcher is impartial from 
what is being investigated  
The researcher forms part of what is 
being investigated  
Causality The intention is to unearth the 
causal descriptions of social units 
occurring in reality with/without 
focusing on social actors related 
with units.   
The researcher intends to apprehend 
the social phenomenon through the 
views of social actors and outcomes 
of activities.   
Reductionism Problems can be well 
comprehended if they are pruned 
into simplified units. 
Problems are well apprehended if the 
steps of social interactivity are 
uninterrupted so that  social 
phenomenon are in continuous form 
of revision 
Research Method Quantitative Qualitative 
 





The key aspects of the positivism is the impartiality of the researcher from what is being 
analysed and that it uses quantitative methods which allows for data gathering using a 
large sample size as opposed to the interpretivism philosophy. Now, Table 4.3 which 
was extracted from Swanson and Chermack (2013) clearly summaries the key aspects 
of these two prominent research philosophies.  
 
Table 4. 3: Positivist and interpretivist research philosophies (Adapted from Swanson 
and Chermack 2013) 
 Positivism  Interpretivism 
Assumption  Non-partisan world that can be 
reflected through science with 
privileged knowledge. 
Inter-subjective world that can be 
illustrated with concept actors; 
social theories of a reality through 
science.   
Key focus areas  Search for contextual variables that 
are responsible for occurrence 
cause.  
 
Search for patterns.   
Goal of paradigm  Unearth realities and truths through 
specified relations between 
variables quantitatively.  
Interpret meanings, apprehend 
member’s interpretations of 
circumstances, and evaluate how 
objective realities are established.  
Nature of knowledge 
or form of theory  
Involvement of valid, reliable and 
adequately quantified variables in 
verification of hypotheses  
Abstract interpretation of definitions 
and members. Explanations of 




approach   
Deductive (Theory confirmation) Induction (Theory discovery) 
 
Criteria for 
assessing research  
 Prediction described   
 In-depth, intrinsic and exterior 
validity, reliability  
 
 Credibility  
 Legitimacy  
 
Units of analysis  Variable  Interpretation: symbolic act  
Research methods  Experiments, surveys 
(questionnaire), secondary data 




conversational analysis, grounded 
theory development.  
 
Task of analysis  Quantitative, regression, Likert 
scaling, SEM (Structural equation 
modeling), quantitative grounded 
theory testing.  
 
Case studies, conversational and 
textual analysis, expansion analysis.   
 
 
This study follows the positivism research philosophy. The positivism prefers to gather 
data that is related with observable reality and a probe into regularities and causal 
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relationships within the data to establish law-like generalizations (Tharkurta and 
Chetty, 2015). Whereas, interpretivism tend to follow the subjective description of 
social action in collecting and analyzing the research data (Tharkurta and Chetty, 2015). 
Following the positivism philosophy, the researcher used existing theory or concepts to 
establish the hypotheses (Saunders, 2019). Choosing positivism was influenced by its 
ability to collect measurable and quantifiable data, the independency of the researcher 
from the data being collected, and use of descriptive statistics in the analysis of result. 
The following section presents the aspects of a research approach and the approach that 
was chosen for this study. The approach of this study is dependent on the philosophy 
that was chosen which is positivism, especially since it is related with the use of existing 
theory to create new or advance the existing knowledge.  
 
4.4. RESEARCH APPROACH  
 
According to Saunders et al. (2007), for the research to follow a logical perspective, 
there are two different approaches that a researcher can chose from, that is, deductive 
and inductive. The deductive approach is related with the reasoning of moving from 
theory to data whereas the inductive approach is inclined to moving from data to theory. 
Generally, the deductive approach establishes the theory and hypotheses through 
conducting reviews of scholarly writings, and the research strategy is formulated to 
assess the hypotheses. Meanwhile, the inductive approach begins with the data 
gathering and then formulate theories based on results analysis. Table 4.4 below 
presents the major differences between the deductive and inductive types of research 
perspectives as proposed by Saunders et al. (2009). It is also proposed that, although 
there seem to be a significant variance between deduction and induction, but these 
approaches can be combined within one research study (Saunders et al. (2007). It should 
be noted that as a much as the combination these approach can advantageous in a 
research study, but it can be time consuming and confusing, resulting in significant 
errors in results that could have been avoided by sticking to one approach. A research 
topic within an area where there is an abundance of existing literature upon which the 
theoretical framework, conceptual framework and hypotheses can be formulated, a 
deductive approach is more suitable (Creswell, 1994). This is because there is sufficient 
literature to justify the concepts located within the theoretical framework (Creswell, 
1994) and variables within the conceptual framework. Now, the research into a new 
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area where there is less or no available literature, inductive approach will be suitable 
for it is concerned with establishment of theory.   
 
Table 4. 4: Major differences of emphasis between deductive and inductive 
approaches to research (Source: Saunders et al., 2009) 
Deduction emphasizes  Induction emphasizes  
 scientific fundamentals  
 begins with theory ends with data 
 the essentiality to explain causal relationships 
between variables 
 a requirement to describe the causal relations 
among variables or dimensions  
 quantitative data gathering  
 the use of controls to make certain of data validity  
 the operationalization of theories to make certain 
that definitions are clarified  
 a well systematized method  
 researcher not part of what is being investigated  
 the need to choose samples of adequate quantity 
so as to enable generalizability of outcomes 
 acquiring knowledge of meanings 
human attach to occurrences   
 the close apprehension of the study 
setting  
 the gathering of qualitative data  
 a more adaptable structure to allow 
amendments of research prominence as 
the study advances   
 recognition that the researcher forms 
part of the study process  
 little concern for generalizability of 
outcomes  
 
In relation with this research there is wealth of literature upon which the theoretical 
framework and conceptual framework could be formulated, hence a deductive approach 
was selected. The scholarly writings that focused on the implementation and 
application/use of human factors engineering were visited to identify the factors that 
have an influence on the implementation and application process. The implementation 
research/science and innovation diffusion theory were consulted with an aim of 
properly identifying and presenting the independent variables that have an effect on the 
implementation of HFE. This was done because these are rich theories when it comes 
to the implementation of an intervention within an organization or process. However, 
the implementation of HFE within the power plants, specifically in the South African 
context suffered from limited literature. Therefore, the approach was to use the factors 
that influence the implementation of HFE to test the readiness of these power plants to 
implement HFE.  
According to Saunders (2019), the deductive approach which was selected for this study 
has various essential characteristics such as:  
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 the attempt to describe pivotal interconnections between concepts and variables, 
 concepts need to be operationalized such that they allow facts to be measured, 
usually quantitatively, and  
 generalization.  
Now, the research approach that has been selected for the study requires an appropriate 
decision with regard to the choice of research strategy to be followed. In the next 
section, the aspects of the research strategy and the strategy that was selected for this 
study will be discussed.   
 
4.5. RESEARCH STRATEGY  
 
The research strategy is addressed in relation with data gathering and hypothesis 
formulation (Tharkurta and Chetty, 2015) which should be in line with the research 
approach of the study. Mungai (2019) states that there are three common research 
methods that can be used, that is, quantitative, qualitative and mixed methods 
depending of the form of data, the aim and motivation of the researcher. It is further 
stated that quantitative methods emerged from the natural sciences and they are the 
prevalent and oldest research methods. According to Alston and Bowles (2018) as cited 
Mungai, 2019), the quantitative methods consist of surveys, questionnaires and 
structured observations. The research strategy selected for this research project is 
quantitate and it adopted the survey and questionnaire as data collection techniques and 
tools. Now, quantitative research strategy is related with quantification, examining 
interconnections, generalization and reproduction (Bryman, 2016). The goal of the 
researcher when using the quantitative research strategy is to examine the correlation 
among an independent variable (dimension) and a dependent or outcome variable 
(impact) within a population (USC Libraries, 2019). It is further stated that, quantitative 
research strategies ‘are either descriptive [subjects normally examined once] or 
experimental [subjects evaluated prior and posterior treatment]’. The quantitative 
strategy is normally selected since it allows the application of statistics for the 
generalization from small sample sizes to sizeable populations. Sufficient detail about 
the study design is given in quantitative studies for the reproduction in order to ensure 
verification and assurance (Kumar, 2011). Now, the main criticism of this research 
strategy or method is that it associates the social world with the natural one, hence it 
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seem to miss the fact that people assign meanings to their practical experiences 
(Bryman, 2016 as cited in Mungai, 2019).  According to Mungai (2019) this general 
criticism as cited by Bryman (2016) led to the use of qualitative research strategy. So 
qualitative researchers are interested in understanding the lived experiences of the 
subjects and the meaning they assign to a particular social phenomenon and then 
advance or deepen understanding (Alston and Bowles, 2018). Table 4.5 below presents 
the differences between quantitative and qualitative research strategies.  
 
Table 4. 5: Differences between quantitative and qualitative research (Adapted from 
Cavana et al., 2001) 
Quantitative research  
 
Qualitative research  
Reality is impartial and exclusive, and not dependent 
on the researcher 
Reality is partial and collective, as observed by 
participants in a research  
 
Researcher does not form part of what is being 
examined  
Researcher forms part of what is being 
examined  
 
The assumption is that study is value-free and 
objective 
The study is value-bound and subjective 
 
 
Theory is more unconventional and deductive Theory can be causal or non-causal, 
and is largely inductive 
 
Hypotheses are tested or verified  Meanings are captured and uncovered  
 
Abstract ideas are presented as definite variables Abstract ideas are illustrated as themes, 
motifs, generalization 
 
Measuring instruments are developed methodically 
prior data gathering and are normalized 
Measuring instruments are developed in an 
impromptu fashion and are usually specific to 
the particular context or researcher 
 
Data is gathered in a form of numeric values through 
proper measuring instruments  
Data is gathered in nature of statements from 
observations, documents, and transcripts 
 
Normally, they are various cases or objects  
 
Normally, they are less cases or subjects 
 
Research procedures are standards and it is assumed 
that there is duplicability   
Research guidelines are specific, 
and there is rare duplicability 
 
Data analysis continues through the use of statistics, 
tables or charts and explaining how what they 
illustrate links to hypotheses   
Data analysis is through deriving themes or 
generalization from proofs and coordinated 




The main criticism of qualitative research methods is based on their extreme 
subjectivity, for they rely of the researcher’s perspectives, skills and link to respondents 
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(Mungai, 2019). It is further stated that the findings of a qualitative research study does 
not intend to generalize since representative samples are not used. They are also 
criticized for lacking transparency with regard to the selection of respondents or 
participants and the analysis of data (Bryman, 2016) as cited in (Mungai, 2019). The 
weaknesses of the quantitative and qualitative research strategies led to the formulation 
of the third strategy which is mixed methods. One of the aims of the mixed research 
strategy or method is to crosscheck the results of one method using the results of the 
other one (Bryman, 2012). However, it can also be used as a method on its own right 
(Mungai, 2019). The main criticism of the mixed method is that it mixes quantitative 
and qualitative while they have incompatible epistemological assumptions or separate 
research paradigms (Bryman, 2012). This method may seem straightforward, however 
it can suffer from the fact that it is time consuming and it may not go deeper in its 
investigation and analysis as it would have been with a single method. Now, Jankowicz 
(2000) proposes that selecting a certain research strategy over others is highly 
dependent on the objectives of the study. Now, this study is about the implementation 
of HFE, hence implementation research/science should be consulted. See Table 4.6 
below for the features of the implementation science/research with regard to objectives, 
explanations of the phenomenon, questions and proposed methods of research.   
 
Table 4. 6: Types of implementation research objective, question, and suggested 
research methods (Adapted from Peters et al., 2013) 
Objective Description Implementation 
question 
Research methods and data collection 
approaches 








What are probable 
good dimensions 
and criteria for 
implementation of 
an intervention? 





Qualitative methods: grounded theory, 
ethnography, phenomenology, case studies 
and narrative approaches; key informant 
interviews, focus groups, historical reviews 
Quantitative: network analysis, cross 
sectional surveys 
Mixed methods: combining qualitative and 
quantitative methods 






What describes the 
setting where 
implementation 
takes place? What 
describes the critical 
dimensions that 
influence 
implementation in a 
defined setting? 
 
Quantitative: cross sectional (descriptive) 
surveys, network analysis 
Qualitative methods: ethnography, 
phenomenology, case studies and narrative 
approaches; key informant interviews, focus 
groups, historical reviews 
Mixed methods: both qualitative and 
quantitative inquiry with convergence of 





Some of the aspects of Table 4.6 above have been integrated and used to create Table 
4.7 below which presents what has been selected for this research study.  
 
Table 4. 7: Nature of implementation research, question, and selected research 
method for this study 
Nature of 
research 
Description Implementation question Research methods 









To create hypotheses 
and generalisations 
related with the 
implementation of HFE 
in maintenance of South 
African power plants. 
 
What are the factors 
influencing the 
implementation of HFE?  
What describes the main 
factors influencing 
implementation in a given 
context? What is the readiness 
criteria for implementation of 










Quantitative research has been selected for this study since it allows the use of a larger 
sample size as opposed qualitative study and it also enables generalizations across the 
target population. It was also chosen based on the questions this research aims to answer 
and objectives it intends to fulfil.  The quantitative research was also chosen because 
qualitative research is more suitable for exploring the phenomenon, whereas the 
quantitative research is more suitable for finding out the extent of the phenomenon 
(Kumar, 2011). In case of this study, the researcher aims for find out the extent to which 
the South African power plants are ready or capable of implementing HFE specifically 
in maintenance. This began by first using the secondary data to identify and discuss 
factors that influence implementation.  
 
4.6. DATA COLLECTION METHOD AND TECHNIQUES  
 
4.6.1. DATA COLLECTION METHOD  
 
Collection of data is one of the critical elements in a research since the data is aimed at 
enhancing the cognizance of a theoretical framework (Bernard, 2002). It is then very 
important to select proper ways of data gathering and to accurately chose those whom 
the data will be collected from based on a sound judgement specifically since there is 
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no greater extent of data analysis that can compensate for poor gathering of data 
(Bernard et al. 1986, as cited in Tongco, 2007). Since this research study is positioned 
within a quantitative strategy and deductive approach, the method for data collection 
that was selected is the survey using the questionnaire. Surveys are likely to be adopted 
in quantitative research studies and requires the use of the representative sample of the 
target population (Bryman and Bell, 2011 as cited in Thesismind, c2019). Table 4.8 
below presents the justification of selecting a data collection method.  
 
Table 4. 8: Justification of selecting data collection method (Adapted from Yin, 2009) 
Method  Form of research 
question  
Requires control of 




Experiment  How, why?  
 
Yes Yes 
Survey  Who, what, where, how 
many, how much 
 
No Yes 
Archival analysis  Who, what, where, how 
many, how much 
 
No Yes/No 
History  How, why? 
 
No No 






Other than the type of research strategy selected for the study, the data collection 
method is also chosen based on the form of research questions being answered. Since 
the research questions for this study contain “what”, the survey collection data is more 
suitable as presented in Table 3.8.  
The survey data gathering method allows the researcher to gather big quantities of data 
that can be examined for frequencies, averages and patterns (McCombes, 2019). It is 
further stated that surveys are usual in correlational research, that is, a descriptive 
research that intends to discover relationships between variables. These large quantities 
of data that are collected through surveys and analyzed through statistics are aimed at 
answering the research questions, fulfilling the study objectives and testing the 
hypotheses. There are three basic steps that can be followed when conducting a survey 





Figure 4. 5 Three stages in the survey research process (Adapted from Pazzaglia, 
2016) 
 
4.6.2. THE QUESTIONNAIRE  
 
The survey data collection method predominantly relies on the questionnaire as the tool 
for data collection. Now, descriptive research relies of on adequate preceding 
knowledge to enable for the development of the hypotheses for evaluation, which then 
guides the formulation of the questionnaire (Iacobucci and Churchhill, 2010). Figure 




Figure 4. 6: Process of the questionnaire design (Adapted from Aaker et al., 2013) 
 
The development of the data collection tool is a very crucial feature of a research study 
since anything that the researcher declares by means of outcomes or conclusions is 
founded upon the information collected, and the data gathered is highly reliant on the 
Survey development 
Sample selection and 
survey administration 














questions that the participants are asked (Kumar, 2011). So, a proper process was 
followed to design the questionnaire of this study, since this was the main tool used to 
obtain the empirical data for statistical analysis. Every data collection instrument has 
its own advantages and disadvantages of which the researcher need to know about in 
order to take in informed decision in choosing the tool for data collection.  
According to Kumar (2011), the questionnaire has some advantages such as the 
following: 
 Less expensive,   
 Relatively convenient, 
 Provides significant anonymity, and  
 Enhances the probability of gathering accurate information. 
As mentioned earlier that each data collection instrument suffers from some 
disadvantages, the questionnaire is not an exception. So, Kumar (2011) indicates that 
the following disadvantages are associated with the use of the questionnaire:  
 Restricted to a literate research population, 
 Low response rate,  
 Self-selecting bias,  
 No opportunity for clarifying issues,  
 Answer to a question is likely to be influenced by the answer to other questions,   
 Create an opportunity to ask other people before responding, and  
 An answer cannot be supplemented with other information.   
The other main advantage which led to the selection of the questionnaire is that, 
prospective participants were dispersed over a wide geographical area, so opting for 
interviews under these circumstances would have been very expensive (Kumar, 2011). 
The questionnaire that was used in this study adopted the five point Likert scale. In 
trying to simplify the complexity of quantifying character and personality attributes, 
Likert (1932) established a technique for quantifying attitudinal scales (Boone H and 
Boone D, 2012). The early Likert scale utilized a set of questions with five response 
alternatives: strongly approve (1), approve (2), undecided (3), disapprove (4), and 
strongly disapprove (5) (Boone H and Boone D, 2012). In this study, strongly disagree, 
disagree, slightly agree, agree and strongly disagree were used in the questionnaire for 
this study. The questionnaire was delivered to the participants from various power 
plants across South Africa via emails and social media messaging. The initial plan was 
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to use both online platforms and hand delivery since paper face to face improves the 
response rate. However, due to the risks and restrictions associated with Covid19, only 
emails and social media messaging were used to collect data. The issue of response 
rates will be covered under the response rate subsection.  Now, it is vital to ensure that 
the questions of the questionnaire are explicit and comprehensible since the researcher 
would not be there to explain or clarify the meaning of questions to participants (Kumar, 
2011). This also necessitates the testing of the questionnaire prior distribution to the 
sample population. The pilot study or pretest that was restricted to a small size of the 
prospective participants was conducted so as to uncover and correct the flaws in design 
of the questionnaire (Wilson, 2012). It is stated by Wilson (2012) that the sample for 
piloting the questionnaire is comparatively small – ranging between 10 and 40 
participants, as dictated by diverseness of the target population. Whereas Burns and 
Bush (2010) stated that between five and ten participants are sufficient for pretest or 
pilot of the research instrument to be conducted. Now, the questionnaire of this research 
study was pretested following the recommendations presented above. Only ten 
respondents were sampled from the target population for the purpose of pretesting the 
questionnaire. During the pilot testing of the questionnaire, the respondents were 
requested to supply the researcher with the feedback in relation with the following 
(Maduku, 2015):   
 The simplicity or clearness of the instructions,  
 the appropriate wording of the questions,  
 the smoothness of questions,  
 the terminology,  
 the layout and, 
 the time taken to complete the questionnaire. 
The feedback of the pilot study would be considered and necessary changes made to 
ensure minimization of flaws and redundancy of questions. Now, in case where there 
are considerable changes incorporated on the questionnaire after the pilot study, the 







4.6.3. TARGET POPULATION AND SAMPLING  
 
There are two ways of obtaining data from the participants, that is, to gather data from 
every member of the target population (census) or from the representative sample of 
the target population (Iacobucci and Churchill, 2010). The first method of gathering 
data from every member of the target population is highly impossible and can be 
extremely expensive. Hence, this study chose to sample the target population for 
participants. Sampling is series of steps of choosing the appropriate individuals, objects 
or events that are a representative of the entire group or target population the researcher 
wishes to examine (Sekeran and Bougie, 2013). According to Sekaran (2000) as in 
Halim and Ishak (2014), sampling is a technique of choosing the adequate number of 
constituents from the entire population such that when the samples subjects are 
examined, and their properties or characteristics are understood, there would be feasible 
to generalize the properties or characteristics over the entire population. In this research 
project, the target population was viewed as the maintenance and maintenance projects 
personnel within the South African power plants. There are probability and non-
probability sampling methods that can guide the researcher to establish the sample size  
for the study. When probability sampling is chosen, the optimal sample size is usually 
determined by using the population size, the confidence level (normally 95% or 99%) 
which is the index of certainty and confidence interval (e.g. ± 3%) which is the degree 
of variation (Cohen, 2007). This study used non-probability sampling method which is 
classified as purposive sampling. It was focusing on the power plants personnel that are 
involved in maintenance and maintenance projects only. These were taken as key 
informants in maintenance of power plants who have more knowledge about 
maintenance practices and culture, capable and eager to share their knowledge. This 
ideology of key informants in the area is supported by Bernard (2002), Campbel (1955), 
Seidler (1974), Tremblay (1957) cited in (Tongco, 2007). According to Bernard (2002) 
there is no limit on how the respondents should constitute a purposive study, on 
condition that the necessary information is obtained. Tongco (2007) state that, there are 
various statistical analyses that have adopted purposive sampling such as logistic 
regression models (Neupane et al. 2002), frequencies, chi-square (Albertin and Nair 
2004), analysis of variance (Belcher et al. 2004), univariate analysis and cross 
tabulation (Bah et al. 2006), and others. Zikmund (2000) as in Halim and Ishak (2014), 
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states that taking a sample out of the population is adequate to characterize targeted 
population based upon various reasons such as follows: 
 Financial and time constraints which are classified as pragmatic reasons, 
 The sample is sufficient, appropriate and reliable information on the research 
findings, and  
 Too large sample would weaken the findings (Sekaran, 2000).  
Halim and Ishak (2014) proposed that the sample size should not be too small or too 
large (500) for appropriateness of the study. There should be sufficient sample size to 
achieve accurate findings and make effective conclusions and recommendations. 
Roscoe (1975) as cited in Sekaran (2000) set forth a number of elements to guide the 
selection of sufficient sample size such as: 
 For most research studies, the sample size should not be less than 30 and not 
more than 500.  
 Ideally the sample size of 10 times or several times as large as the number of 
variables used in the research should be appropriate in multivariate (more than 
one variable) research entailing multiple regression analysis.  
Field and Miles (2010) suggest that the minimum sample be determined using 50 + 8k 
where k represents the number of predictors. The sample size for this study was guided 
by the methods presented above and also taking into account that there is no definite 
cap in purposive sampling as stated by (Tongco, 2007). The respondents or participants 
in this study were contacted from various power plants in South Africa with dominance 
of Mpumalanga Province. Now, after the questionnaire was distributed to the sample 
population, not every respondent returned or answered their questionnaires. Hence, it 
was necessary to examine the response rates in order to identify what is a reasonable 
response rate before embarking on a data analysis process. 
 
4.6.4. RESPONSE RATE  
 
It has been highlighted on the previous section that not all participants will return or fill 
their survey questionnaires, thereby affecting the response rate. It is alluded by 
Rogelberg and Stanton (2007) except when a survey questionnaire is administered 
forcefully a 100 % response rate can rarely be gained. Now, research studies should be 
conducted under strict ethical principles, hence participants shall by no means fill 
forced to participate in the survey. It is pure voluntary. To establish the acceptable 
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response rate, Table 4.9 was developed based the data obtained at The University of 
Texas Austin Center for Teaching and Learning as cited in Saldivar (2012).  
 
Table 4. 9: Response rates for various survey modes (Adapted from Saldivar, 2012) 
 







Very Good  
(%) 
In person (Hand delivery) - - 80-85 - 
Phone  - - 80 - 
Mail (Postal) - 50 60 70 
Email  40 - 50 60 
Online (Web based) 30 - - - 
     
 
For this study, the email and social media messaging which works in a similar manner 
as email were used to collect the survey data for this study. Since, in person or hand 
delivery has the highest response rate, it was initially chosen for this study, but due to 
Covid19 pandemic risks and restrictions it was abandoned. The literature review study 
conducted by Sheehan (2001) between 1986 and 2000 recorded the highest email 
response rate as 70 % and the lowest as 19%. This study did not survey the power plants 
as entities but individuals from various South African power plants were approached to 
participate. Now, according to Baruch and Holtom (2008) there is a difference between 
the response rate of firms and that of individuals and were recorded as 52.7 and 35.7 
percent for firms and individuals respectively. It should be note that the response rate 
is a grey area for it fluctuates due to a number of reasons such as number of survey 
questions, time taken to complete the survey, interest in what is being investigated and 
others. It should be noted that every prospective respondent based on the approximated 
sample size was reached for contribution and an effort was made to gain a good 
response rate.  
 
4.7. TIME HORIZON 
 
The time horizon is about the time required to finish a research study. There are two 
dominant types of time horizons as presented in the Saunders research onion, the cross-
sectional and longitudinal (Bryman, 2012). According to Kumar (2011) a few of the 
frequently adopted quantitative research designs are classified by evaluating them from 
different viewpoints such as: 
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 The number of times the research population has been contacted, 
 The reference period of the research study.  




Figure 4. 7: Time horizon (Adapted from Kumar, 2011) 
 
This is a suitable time horizon which is rooted in the type of questions and objectives 
of the study. Kumar (2011) stated that cross-sectional time horizon is adequate for 
research studies intending to investigate the extensiveness of the phenomenon, 
circumstances, problems and attitudes or matters. It is further stated that it is suited for 
establishing the overall perspective as its present condition during the time of study.  
The research study based on the cross sectional time horizon (study population 
contacted only once) is relatively cheap to conduct and easy to analyze. Their nature is 
regarded as a weakness since this type of study cannot be used to measure change. It is 
apparent from Figure 3.7 that the study based on the longitudinal time horizon is 
expensive and difficult to analyze since involves data gathering that repeated over an 
extended period. It is adopted in instances where the critical element of the research 
study is to examine the variation over a prolonged period (Goddard and Melville, 2004). 
Another reason for adopting the cross sectional method is that the quantitative study 
follows the descriptive [subjects usually measured once] and is not experimental 
[subjects measured prior and post treatment] (USC Libraries, 2019).  
 












4.8. DATA ANALYSIS TECHNIQUE   
 
This study selected a research methodology or design that allowed the gathering of 
quantitative data. Quantitate data is valued for its ability to use statistics to deduce 
conclusions. For the evaluation of data, researchers can compute conventional synopsis 
of statistics, for instance, frequencies and means, for every single item of the survey 
using specialized statistical software, such as IBM Statistical Package for the Social 
Sciences (SPSS), or spreadsheet software, such as Microsoft Excel (Pazzaglia, 2016). 
This study selected the SPSS software for data analysis. This software is applied by 
diverse researchers for the data analysis of complex statistical data (Foley, 2018). A 
series of steps or process presented in a book by Greasley (2008) for SPSS were adopted 
for the data analysis for this study as shown in Figure 4.8 below.   
 
 
Figure 4. 8: The process of data analysis (Adapted from Greasley, 2008) 
 
Quantitative data analysis 
using SPSS
Coding the data for SPSS, 
create data base, enter the data
Descriptive statitstics
(frequencies, measures of 
central tendency, illustrate 
data using graphs)





Examining differences between 
two sets of scores  
Reporting the results and 
presenting the data 
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A competent statistician was involved for assistance with the SPSS software and prior 
analysis of data, however the researcher was responsible for interpretation and 
discussion of the data. The literature review was helpful in the evaluation, clarification, 
and validation of research findings. The following subsections will be discussing the 
aspects of data analysis process that was adopted in this study. 
 
4.8.1. DESCRIPTIVE STATISTICAL ANALYSIS  
 
The first step that was taken in conducting the statistical evaluation of data in this 
research project was a descriptive analysis.  Descriptive analysis is viewed as the 
evolution of raw data into a nature that would be easy to comprehend and describe, it 
is about reorganizing, ordering and manipulating or shaping the data to formulate 
descriptive information (Zikmund, 2003).  
Now, descriptive data analysis is essential in ensuring the determination of normality 
of distribution, and it restricts generalization to the specific group of individuals or 
elements that were observed or engaged in the study. The gathered data was examined 
descriptively with regard to frequencies, measures of central tendency, and variability 
and data was illustrated with an aid of graphs (Zikmund, 2003). As presented in Table 
4.10 below the measure of central tendency involves the mean, median and mode.  
 
Table 4. 10: Measures central tendency (Adapted from Zikmund, 2003) 
Type of scale Measure of central tendency Measure of dispersion 
 Nominal 
 Ordinal 
 Interval or ratio deviation  
 Mode  
 Median  
 Mean  
 
 None  
 Percentile  
 Standard  
 
Organizing the statistical data using the row and column configuration is classified as 
frequency tables and is used for the presentation of the numeric response ratings for 
each category associated with the variable (Zikmund, 2003). Descriptive statistics  
enables the outlining of the properties of large data set using numbers (Wilson, 2012). 
In this study the profile of maintenance and maintenance management personnel from 
various power plants in South Africa who participated in the study were presented using 
frequency distribution. The technique of arranging data by groups or categories to 
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enable comparisons; a joint frequency distribution of observations on two or more sets 
of variables is termed cross-tabulation (Zikmund, 2003). This techniques allows 
researchers to analyse the interconnections among distinctive variables in a deeper 
manner than it would with simple frequencies for individual variables (Greasley, 2008). 
In Table 4.11 below, the aspects of statistics, calculations and other considerations are 
presented.   
 
Table 4. 11: Summary statistics, calculations and considerations (Source: Pazzaglia et 
al., 2016) 
Statistic    Calculation  Considerations  
 
Frequency A computation of the participants 
who chose a response rating scale.  
 
A more understandable way to report frequencies 
is through the related percentages of participants. 
They are regularly used to report multiple-choice 
and response rating scale in surveys.     
Percentage A number of participants who 
chose a response rating scale over 
the total count of participants.  
Percentages make the statistical summary clear 
and comprehensible to various people. They are 
regularly used to report multiple-choice and 
response rating scale in surveys.  They are 
usually understandable when they are expressed 
with the relevant frequencies of participants.   
Minimum The least value presented for the 
survey item.  
 
Minimums are normally reported with 
maximums to give insight with regard to range of 
survey responses. They are mostly used for 
survey responses captured in numeric values.   
Maximum  The greatest value presented for 
the survey item.   
Maximums are normally reported with 
minimums to give insight with regard to range of 
survey responses. They are mostly used for 
survey responses captured in numeric values.   
Median  The middle value of the odd 
numbers or average of the two 
middle numbers of survey 
responses.  It is determined by 
arranging the survey responses 
from least to greatest value.  
 
A median is crucial in a case where there are 
extreme values leading into a mean that poorly 
represents as typical value. They are mostly used 
for survey responses captured in numeric values. 
They may not be easily understood by 
nontechnical people, hence if the data is 
adequate, medians are preferable.  
Mean 
(average)  
The total values of survey 
responses presented for a survey 
item divided by the total number 
of participants.  
The mean represents the average of the survey 
item values. The mean will not adequately 
represent a typical value if the survey responses 
are comprised of outliers or extreme values.  The 
mean is mostly used for survey responses 





A measure of the extent in which 
individual values contrast with the 
sample mean, computed as the 
square root of the squared 
deviations of each value from the 
mean. Little standard deviations 
(near zero) mean that majority of 
values are near the mean.  
Standard deviations present insights about 
variation within the sample. They are usually 
expressed together with mean for survey 
responses captured in numeric values. They may 




A measure of how nearer the 
sample mean can probable be to 
the target population mean, 
computed as the as the standard 
deviation divided by the square 
root of the sample size. 
 
Standard errors present insights with regard to 
the adequacy of the sample mean in 
approximating the target population mean.  
They are usually expressed together with mean 
for survey responses captured in numeric values. 
They may be more adequate for technical 
audiences. 
 
4.8.2. RELIABILITY  
 
The word ‘reliable’ which is used on daily basis in human lives is normally related with 
dependability, consistence, predictability, stability and honesty (Kumar, 2011). It is 
further stated that, the idea of reliability with regard to data collection tool holds a 
similar meaning, which means that if the instrument is consistent and stable, therefore 
anticipated and authentic, it is deemed reliable. Now, the test is reliable if it is in such 
a manner that repetition of measurements generated by it under constant conditions may 
lead to the same results (Moser and Kalton 1989 as in Kumar, 2011).  Another view on 
reliability is that the degree to which measures are without error, thereby capable to 
creating consistency amongst measurements of a variable (Hair et al., 2010; O'Leary-
Kelly and Vokurka, 1998). To obtain an acceptable level of reliability it is said that, the 
reliability coefficient or Cronbach’s alpha should be 0.7 or greater (Hair et al., 2010 
and Nunnally and Bernstein, 1994). This minimum value is also supported by Whitley 
(2002) and Robinson (2009), however they state that there are no definite rules 
governing internal consistencies. The construct reliability is incorporated in the SPSS 
software output, but it can also be computed using the following formula extracted from 
(Netemeyer, 2003): 
 




2+(Ʃ 𝜀𝑖)  
          (4.1) 
 
Where: 
CR is construct reliability,  
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λ is standardized factor loading for item i, 
i is number of the corresponding item, and 
ε is error variance for item i. 
 
For to study to achieve a high degree of reliability coefficient, the elements should be 
filtered by removing items that have the lowest item-to-variable correlation. 
 
4.8.3. VALIDITY  
 
Validity is about the measuring instrument’s appropriate capturing of the theoretical 
constructs, the scope of questions and enablement of appropriate interpretation of data. 
The notion of validity was brought forward by Kelly (1927) cited in McLeod, (2013) 
indicating that a test is valid if it is able to measure what it intends to measure. Cooper 
and Schindler, (2010) conforms that various authors describe validity as the capability 
of the measuring instrument to provide sensible results by measuring what is aimed to 
be measured. Leedy and Ormrod (2014), McLeod (2013) and Taherdoost (2016) 
classified validity contents into internal and external validity, face validity, content 
validity and construct validity. They are briefly described in the following paragraphs.  
 
Internal and External Validity  
 
Internal validity examines whether the effects discovered in the research study are 
attributable to independent variables or certain factors (McLeod, 2013).  While external 
validity is associated with whether the results accurately characterize a phenomenon 
and whether the results are generalizable to other contexts (Yin, 2009). This study was 
conducted in a manner that ensures that the results are generalizable as possible, 




Face validity is about the non-objective position with regard to the construct’s 
operationalization (Taherdoost, 2016). Now, according to Oluwatayo (2012) this 
validity component is related with the researchers’ subjective evaluations of the 
measuring tool’s arrangement and pertinence as to whether the items incorporated in 
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the tool are presented as being pertinent, sensible, unambiguous and clear. Hence, the 
researcher had to make efforts to ensure that the items of the measuring instrument  
adequately represent the attributes of what is being measured. The literature review and 
pretest of the questionnaire played a measure role in ensuring compliance with this 
validity component.  
 
Content Validity  
 
Content validity is viewed as “the extent to which items of a measuring tool consider 
the content’s entire domain to which the test can be generalized” (Straub et al. 2004). 
Generally, this validity component includes the examination of the new survey 
measuring tool so as to make certain that necessary items are incorporated and 
undesirable ones are excluded (Lewis et al., 1995, Straub et al., 2001). In this study 
since the new survey instrument or questionnaire was developed, the researcher visited 
a number of scholarly writings to improve this component. Then, it was sent to the 
supervisors and statistician for their comments to strengthen content validity.  
 
Construct validity  
 
Construct validity is a competent that is related with the degree to which the survey 
instrument encapsulates the extent to which a test captures a distinct theoretical 
construct or attribute, and it coincides with a few of the other elements of validity  
(McLeod, 2013). In this study the researcher followed certain techniques such as 
reading closely into theories, theoretical constructs and features incorporated in this 
study to ensure compliance with construct validity.  
 
4.8.4. REGRESSION ANALYSIS  
 
Regression analysis is a procedure that assists in evaluating the impact of one or more 
independent (predictor) variable on a dependent (outcome) variable (University of 
Texas, 2012). According to Greasley (2008) regression analysis examines the 
interconnection amongst one or more dependent variables and independent variables so 
that a line that sufficiently forecasts the interconnection between the two. Regression is 
a statistical procedure aimed at assessing the linear relationship between two or more 
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variables and is also utilized for the estimation and causal inference (Campbell D and 
Campbell S, 2008). The simple linear regression (bivariate), which represents one 
independent variable (X) and a dependent variable (Y), is illustrated by the following 
formula extracted from (Campbell D and Campbell S, 2008): 
 
𝑌 =  β0 +  β1X 1 + 𝑢         (4.2) 
 
Where: 
 Y is dependent variable  
 X1 is independent variable  
 β0 is population constant or intercept  
 β1 is population slope coefficient, and 
 u is random error or disturbance term   
On the other hand the multiple linear regression (multivariate) which represents two 
or more independent variables (Xi) and a dependent variable (Y) is illustrated by the 
following formula which is an expansion of equation (4.2): 
 
𝑌 =  β0 +  β1X 1 + β2X 2 + ⋯ +  β𝑛X 𝑛 + 𝑢      (4.3) 
 
Campbell D and Campbell S (2008) stated that regression cannot demonstrate the 
causality so the causality can only described analytically by substantive theory.   
 
4.9. ETHICAL ISSUES  
 
The experimentation that involves human beings has emerged even prior the 18th 
century, but the ethical convictions of research investigators drawn attention of the 
society after the 1940’s, when human exploitation had been observed in various 
instances (Fouka and Mantzorou, 2011).  It is further stated that when the study involves 
human, all the ethical issues, must be considered (Johnstone, 2009). According to 
(Kumar, 2011) all fields of study are governed by code of ethics that have advanced 
throughout the years to incorporate the changes in ethical behavior, values, needs and 
presumptions of those who are part of a particular field. Fouka and Mantzorou, (2011) 
states that ethical issues include specification on daily work, the preservation of dignity 
of participants and the ethical publication of the research data. The critical ethical 
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matters uncovered by the study conducted by Fouka and Mantzorou, (2011) are as 
follows:  
 Consent to participation,  
 Beneficence (no harm) 
 Respecting anonymity and confidentiality  
 Respecting for privacy. 
To comply with the ethical considerations presented above the researcher in this study 
requested the ethical clearance from the relevant ethical committee within the 
university. A brief proposal of the study, the questionnaire and letter to request 
participation from respondents with consent section was submitted and clearance was 
given. The letter is attached in Appendix A. The letter followed the guidelines of the 
university and it incorporated the following: 
 Voluntary and risks – ensuring that participants are not obliged to participate, 
but it is voluntary. It was to assure the participant about confidentiality and that 
there are no risks (beneficence) to be posed by the study.  
 Benefits – in this section the researcher indicated that there was no direct benefit 
for participating in the study, but the respondents would indirectly benefit if 
their respective power plants decide to implement the findings of the study.  
 Justice – in this section the researcher was committing to conduct the research 
within the parameters of justice without deception and betrayal of the 
participants.  
 Consent – participants were required to consent to participating in the study to 
confirm they understood and agreed with the conditions of the study.  
The ethical issues also involve the avoidance of obvious bias from the researcher when 
conducting a research study since bias is unethical. Bias is distinguished from 
subjectivity, it is related with an intentional undertaking to either hide certain findings 








4.10. LIMITATIONS   
 
Limitations are classified as the issues and circumstances arising during the research 
study which cannot be controlled by the researcher (Simon and Goes, 2013). They are 
also viewed as those properties of research strategy or methodology that had an effect 
or influence on the explanation of the research findings from the research (University 
of Southern California, c2020). It is added that they are the restrictions on 
generalizability, practical application, and/or hindrances to usefulness of findings that 
might be outside what was the study initially designed for or constraint in the 
establishment of internal and external validity or the result of unanticipated challenges 
that arose during the study. Table 4.12 below which was created using information 
extracted from University of Southern California (2020) presents the possible 
methodological and researcher’s limitations that can be encountered during the study.  
 
 
Table 4. 12: Possible methodological and researcher’s limitations (Adapted from 
University of Southern California, 2020) 
Possible methodological limitations  
 
Possible limitations of the researcher  
 Size of the sample 
 Limited existing scholarly writings 
on the topic  
 Longitudinal effects 
 Accessibility  
 Time 
 Cultural and other forms of partiality  
 
 
Limitations put restrictions on the degree to which the study can go and usually have 
an impact on the findings and conclusions that can be deduced (Simon and Goes, 2013). 
It is further stated that the limitations are the reasons why the terms “prove” or 
“disprove” are not used in relation with the findings of a research study. It is also added 
that there is always a room for future research to dispute any hypothesis or conclusions 
from a research study. It must be borne in mind that acknowledging the limitations of 
the research study creates an opportunity to propose future research (University of 
Southern California, 2020). Identifying and documenting the limitations of the study 
becomes an indication that the researcher has thought through these limitations and 
their impact on methodology, relevant literature review and findings. It also an 
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illustration that the research investigator has ensured that even though they are there, 
but the study is still a piece of good quality with meaningful findings and conclusions. 
In this study the limitations will be placed at the beginning of the discussion of results 
to guide the reader in relation with what might not form part of the study which might 
have been the initial expectation of the reader. It is confirmed by Olufowote (2017) that 
the section of the research limitations also creates an opportunity for the researcher to 
address the interested readers or researchers. It is further stated that it is to make 
interested readers aware of these research limitations since they can affect the way they 
interpret or comprehend the findings of the study.  
The other aspect of the research which is related to limitation with a significant 
difference is delimitations which were discussed in detail in Chapter 1. According to 
Simon and Goes (2013) delimitations are the scope of the study or parameters under 
which the study is conducted and they define or set the boundaries of the study. 
Delimitations differ from limitations in a manner that they can be controlled while 
limitations are out of the control of the researcher. The other aspect related with 
limitations is the assumptions of the research. It is suggested by University of Southern 
California (2020) the main aim of the research study is not only formulation of new 
knowledge but to also confront the research assumptions and explore what is not known 
about them. Simon (2011) stated that the assumptions in the research are those elements 
that are out of researcher’s control, yet if they vanish or are removed the research study  
would be impertinent. One of the examples brought forward by Simon (2011) to 
illustrate the assumptions is that when adopting a survey it is expected that the 
participants will provide truthful responses. Now, if this is removed from the study, the 
study would not yield to valid results yet it cannot be controlled by the researcher. 
Leedy and Ormrod (2010) cited in Simon (2011) it is propositioned that assumptions 
are so fundamental such that if they are not present in the study, the research problem 
itself could have not existed. Table 4.13 which was adapted from Adu (2014) and 
amended by the researcher presents the purpose, control and location for the 
delimitations, limitations and assumptions of the study. As much as it is not advisable 
to use an article without date, this one was used for it presented delimitations, 






Table 4. 13: Delimitations, limitations and assumptions (Source: Adu, 2014) 
 Delimitations  Limitations  Assumptions  
 
Purpose  Define the scope or 
parameters of the 
research.  
Establish the weaknesses related 
with choices made in the 
research.   
To make the research 
pertinent.  
 
Control  Draw boundaries that 
can be controlled.   
 
Normally they cannot be 
controlled but can be addressed 
in the research.   
Cannot be completely 
controlled, but their 
existence make the 
research pertinent.  
 
Location  Chapter 1 
(Introduction) 
 
Chapter 4 (Methodology) 
Chapter 7 (Recommended future 
research work) 
Chapter 4 (Methodology) 
 
 
This section concludes the aspects of the quantitative research methodology that was 
followed by this study which is the major portion of the study.  
 
4.11. RESEARCH FLOW PROCESS   
 
This section summarises the research process that was followed in this research study. 
The research process includes the identification, unearthing, examination, and analysis 
of the information required as a foundation for answering the research questions, hence, 
create and articulate new ideas. The process followed in this study was broken down 
into five major steps, that is, literature review, research design, data collection, data 






























































Figure 4. 9: The research process flow chart 
Literature Review  







Choosing research method/s 
Survey (questionnaire) 
(A Special Case of Power Plants) 
Questionnaire Formulation  
Pretesting the Questionnaire  
Refinement of Questionnaire   
Main Data Collection 




Discussion of results and findings   





































































4.12. SUMMARY  
 
In this chapter, a detailed dissection of the theoretical framework, research design, 
methodology, data collection methods and techniques for data evaluation adopted in 
this research study is presented. The aspects covered in this research methodology 
chapter were aimed at addressing research questions, objectives and hypotheses of the 
study.  The major research paradigm or assumption of the study was the epistemology 
which was supported by the positivism research philosophy.  A deductive approach was 
followed since this was a descriptive study based upon the quantitative research strategy 
or methodological choice. Now, this research study used the survey as the data 
collection technique which was administered through a questionnaire. The 
questionnaire was developed, pretested and distributed to the respondents chosen 
through purposive sampling technique.  The study was cross-sectional in nature since 
the respondents were not engaged again after the study was conducted. A descriptive 
statistical analysis was proposed and used for the data analysis. The statistical analysis 
was supported by the SPSS statistical analysis software package.  
The following chapters present the research findings, the analysis and discussion of 





























The aim of this chapter is to present the results and give some interpretations of data. 
However, the discussion of the key findings will be covered in detail in Chapter 6. The 
results cover the sample size, response rate and sample characteristics. Furthermore, 
the descriptive results indicating whether South African power plants where 
respondents work have adopted HFE and whether respondents view the adoption of 
HFE as important.  The descriptive results on independent and dependant variables are 
also presented and interpreted. This chapter also presents the results related with the 
reliability and validity of the measuring constructs. The results related with correlation 
analysis and regression analysis used to test the adequacy of the conceptual model and 
statistical significance of the constructs are presented. It then closes with a summary on 
results obtained in this study.  
 
5.2. DESCRIPTIVE STATISTICS OF THE SAMPLE  
 
5.2.1. THE SAMPLE SIZE 
 
This study used a survey questionnaire to collect data from personnel who are involved 
in maintenance of power plants on daily basis and those who support maintenance 
through system improvement and projects. The questionnaires were distributed via 
emails and social media messaging to participants selected through a purposeful 
method. The initial data collection plan was to hand deliver questionnaires across South 
African power plants so as to improve accessibility of respondents and response rate 
but due to Covid19 pandemic and its restrictions this plan was quickly abandoned. 
Table 5.1 below presents that number of accessible participants, respondents and 








Table 5. 1: Respondents and response rate 
Description  Value 
Distributed Questionnaires   137 
Respondents  70 
Response Rate  51% 
 
A 51% response rate was obtained for this study since the questionnaires were 
distributed to 137 accessible participants, but only 70 returned fully completed and 
usable questionnaires. Saldivar (2012) indicates that hand delivered questionnaires 
have a good response rate of 80-85% while email has a good response rate of 50% and 
average of 40%.  Hence, the response rate for this study was adequate. As stated the 
research methodology section, the purposive sampling was selected for this study.  It 
involved respondents who are involved in power plant maintenance and those who 
support maintenance through system enhancement and maintenance projects. So, those 
who indicated that they were not involved in maintenance, plant operation or plant 
environment were excluded in the study. The participants were identified from the 
South African power plants and only participants from 17 out of 22 identified power 
plants participated. The criteria was to identify those participants involved in power 
plants with a capacity of 600 MW and above, despite whether they are state owned or 
















5.2.2. POSITIONS OF RESPONDENTS  
 
The positions of respondents were consolidated according to their similarity to simplify 
the interpretation. For an example electrical engineers, boiler engineers, and other 
engineers were grouped as engineers and their activities were removed to create another 
category which will be presented in the following section. Table 5.2 presents the 
positions of respondents in power plants.  
 
Table 5. 2: Positions of the respondents 
Position  Frequency   Percent 
(%) 
Artisan  1 1.43 
Engineer  15 21.43 
Maintenance Planner  1 1.43 
Manager  17 24.28 
Power Plant Manager  2 2.86 
Project Coordinator  1 1.43 
Senior Advisor  3 4.29 
Senior Engineer  7 10 
Senior Manager  2 2.86 
Senior Supervisor  4 5.71 
Senior Technician 4 5.71 
Specialist  2 2.86 
Supervisor  2 2.86 
Technician  9 12.85 
Total  70 100.00 
 
A combination of senior engineers and engineers constitute 31.43% of the sample while 
a combination of power plant managers, senior managers and managers constitute 
30.15% of the respondents. These were targeted because most changes and initiatives 
are proposed and supported at this level before they are presented to executives. If they 
fail at these levels there is no chance they can be properly embraced by executives, 






5.2.3. TECHNICAL PROCESS IN THE POWER PLANT  
 
Figure 5.1 below presents the technical processes or activities in which respondents are 
involved in. These were derived from the positions of respondents for easy 
interpretation and ensuring that respondents stay anonymous since some of the 




Figure 5. 1: Technical Process in the Power Plant 
 
It is quite evident that a major potion (62.90%) of respondents are directly involved in 
maintenance. The second largest proportion (37.1%) includes entire power plant 
management, technical services, technical projects and others. These get involved in 
maintenance on case by case, during maintenance projects and plant system 
improvement. This indicates that all respondents could give a reasonable feedback with 























Technical Process in The Power Plant 
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5.2.4. SECTION OF THE POWER PLANT  
 
Figure 5.2 below presents the results of the question which required the participants to 




Figure 5. 2: Section of the power plant 
 
The largest percentage (30%) of respondents are involved in the entire power plant. The 
second largest proportion of respondents are involved in the boiler (15.71%) and turbine 
(14.28%). This is followed by electrical (12.86%) and control and instrumentation 
(5.71%). The boiler, turbine, electrical and control and instrumentation are the critical 
areas of the power plant. So, this sample fairly represented the critical sections of the 









































Section of The Power Plant 
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5.2.5. YEARS OF EXPERIENCE IN POWER PLANTS  
 
The participants were asked to indicate their years of experience within the power plant 
industry. The responses with regard to the years of experience are presented in Figure 




Figure 5. 3: Years of experience in power plants 
 
It is apparent that a major proportion (54%) of respondents have over 10 years of 
experience in power plants. The second biggest proportion (29%) of respondents 
constitutes those who have 6 to 10 years power plant experience. This shows that the 
largest percentage of the sample have more experience and knowledge of power plant 
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5.2.6. RESPONDENTS’ AWARENESS ON HFE 
 
The participants were asked to rate their level of awareness and knowledge of human 




Figure 5. 4: Level of awareness and understanding of HFE 
 
It is apparent from the results that a major proportion (44.3%) of respondents have 
average knowledge of human factors engineering. When combined with the proportion 
(12.9%) of respondents who have poor awareness level, they contribute 57.2% of the 
total respondents. Then, 31.4% and 14.4% of respondents have good and excellent 
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5.3. DESCRIPTIVE STATISTICS OF HFE ADOPTION 
 
5.3.1. HUMAN FACTORS ENGINEERING ADOPTION  
 
The participants were asked to state whether or not they had implemented human 
factors engineering in their power plants. The results of this analysis are demonstrated 




Figure 5. 5: Human factors engineering adoption in power plants 
 
The results illustrated in Figure 4.5 shows that 89% of respondents stated that they had 
not adopted human factors engineering in their power plants. Now, only 11% of 
respondents indicated that had implemented human factors engineering. Initially, it was 
15.7% of respondents who indicated that they had adopted human factors engineering 
initiatives. However, since there was a question requiring them to state HFE initiatives 
















5.3.2. THE IMPORTANCE OF IMPLEMENTING HFE  
 
The participants were asked to indicate if based on their understanding of human factors 
or the statement provided in the background, is it important to incorporate HFE to 
improve power plant processes such as maintenance. Figure 5.6 below presents the 




Figure 5. 6: The importance of incorporating HFE in power plant maintenance 
 
It is apparent that to a major portion (97%) of the participants it is important to 
incorporate or adopt human factors engineering in maintenance of power plants. 
Among respondents who participated in the study, only 3% indicated that it was not 



















5.4. DESCRIPTIVE STATISTICS OF THE VARIABLES  
 
This section exhibits the frequency counts, percentages, means and standard deviations 
for each item measuring relative advantage, compatibility, cost, management, 
employee engagement, strategic planning, knowledge, organizational culture and 
willingness to use human factors engineering. The 5 point Likert scale was used to 
measure responses, but the 2 lower scales and 2 upper scales were consolidated for 
simplicity of interpretation (Morgan et al., 2016). 
 
5.4.1. RELATIVE ADVANTAGE 
 
Table 5.3 displays the descriptive results of five items that were used to measure the 
relative advantage construct.  
 
Table 5. 3: Relative Advantage 














would assist in better 


















integration would lead to 
improved maintenance 

















factors would ensure 














Row N% 0.0% 11.4% 88.6% 
 
RA4 
Proper management of 
human errors would lead 















Row N% 0.0% 12.9% 87.2% 
RA5 Proper management of 
human errors would lead 
to measurable benefits 













Row N% 0.0% 10.0% 90.0% 
 
The means of the measuring statement varied from 4.34 to 4.54, while the standard 
deviations ranged from 0.582 to 0.703. It is apparent from the results that all five 
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observed variables had more positive responses in relation with perceived relative 
advantage of using human factors engineering. Accordingly, 67 (95.7%) of the 
respondents agreed/strongly agreed that human factors engineering would assist in 
better managing and reducing human errors. Furthermore, 63 (90%) of respondents 
agreed/strongly agreed that human factors integration would lead to improved 
maintenance performance and quality and also that proper management of human errors 
would lead to measurable benefits including cost reductions. It was also observed that 
62 (88.6%) of the respondents agreed/strongly agreed that addressing human factors 
would ensure good worker and machine relationship. Results further indicate that 61 
(87.2%) of the respondents agreed/strongly agreed that proper management of human 




The responses regarding the compatibility of human factors engineering with 
maintenance of power plants are presented in Table 5.4 below.    
 
Table 5. 4: Compatibility 












HFE would be 
















Row N% 2.9% 14.3% 82.9% 
 
CO2 
Human factors would be 





















Human factors would 
create changes that are 
















Row N% 5.7% 21.4% 72.8% 
 
CO4 
Human factors would be 

















7.1% 24.3% 68.6% 
 
The means of the measuring statement varied from 4.01 to 4.29, while the standard 
deviations ranged from 0.797 to 0.970. It is clear from the results that all four items 
measuring the perceived compatibility of human factors engineering with maintenance 
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had more positive responses. Correspondingly, 58 (82.9%) of the respondents 
agreed/strongly agreed that HFE would be compatible with their organization’s 
maintenance objectives. Human factors would be compatible with the company’s 
maintenance activities was favored by 56 (80%) of respondents who agreed/strongly 
agreed with this statement. It was also observed that 51 (72.8%) of the respondents 
agreed/strongly agreed that human factors would create changes that are compatible 
with their company’s maintenance practices. Lastly, 48 (68.6%) of respondents 
agreed/strongly agreed that human factors would be compatible with their company’s 




Table 5.5 exhibits the responses on the five items that were used to measure the cost 
construct. These items were worded negatively. 
 
Table 5. 5: Cost 












Tight budget would 
















 Row N% 25.7% 24.3% 50.0% 
 
CT2 
Financial losses would 
















 Row N% 27.2% 17.1% 55.8% 
 
CT3 
Perception that there is 
little financial added 
benefit would hinder 















 Row N% 20.0% 32.9% 47.1% 
 
CT4 
Tight budget would 















 Row N% 12.9% 14.3% 72.9% 
 
CT5 
Cost saving would 














Row N% 25.8% 15.7% 58.5% 
 
The means of the measuring statement varied from 3.37 to 3.87, while the standard 
deviations ranged from 1.048 to 1.212. The results reveal that all five items had more 
positive responses on cost restricting the use of human factors engineering. 
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Accordingly, 35 (50%) of respondents agreed/strongly agreed that tight budget would 
hinder the adoption of an improvement intervention. Of the respondents financial losses 
would hinder the adoption of a new intervention was rated by 39 (55.8%) agree/strongly 
agree.  There were 33 (47.1%) respondents who agreed/strongly agreed that perception 
that there is little financial added benefit would hinder adoption of an intervention. 
Furthermore, 51 (72.9%) of respondents agreed/strongly agreed that tight budget would 
restrict the use of specialists/consultants. This is the highest percentage among all the 
items measuring cost. Lastly, 41 (58.5%) of respondents agreed/strongly agreed that 




Table 5.6 illustrates the responses on the five items that were used to measure the 
management construct.  
 
Table 5. 6: Management 












Our management would 
be committed to 
















 Row N% 8.6% 35.7% 55.7% 
 
MA2 
Our managers would 
improve their skills to 
















 Row N% 14.3% 35.7% 50.0% 
 
MA3 
Our management would 
provide resources to 















 Row N% 14.3% 35.7% 50.0% 
 
MA4 
Our management would 















 Row N% 14.3% 30.0% 55.7% 
 
MA5 
















Row N% 5.8% 17.1% 77.2% 
 
The means of the measuring statement varied from 3.51 to 4.03, while the standard 
deviations ranged from 0.894 to 1.032. The results reveal that all five items measuring 
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management had more positive responses. Thus, 39 (55.7%) of respondents 
agreed/strongly agreed that their management would be committed to adoption of a new 
intervention and would also support training on new improvement concepts. 
Furthermore, 35 (50%) of respondents agreed/strongly agreed that their 
managers/management would improve their skills to support a new intervention and 
also provide resources to support a new intervention. Lastly, 54 (77.2%) of respondents 
agreed/strongly agreed that their management is committed to maintenance quality and 
improvement.  
 
5.4.5. EMPLOYEE ENGAGEMENT 
 
Table 5.7 below presents the responses on five items that measured the employee 
engagement construct.  
 
Table 5. 7: Employee Engagement 

















































 Row N% 34.3% 32.9% 32.9% 
 
EE3 
In our organisation, 
employee’s suggestions 


































 Row N% 25.7% 32.9% 41.4% 
 
EE5 
Changes suggested by 















Row N% 35.7% 24.3% 40.0% 
 
The means of the measuring statement varied from 2.91 to 3.20, while the standard 
deviations ranged from 1.068 to 1.260. It is apparent from the results that 28 (40%) of 
respondents strongly disagreed/disagreed that their management engages employees 
when making major decisions. In addition to that, 24 (34.3%) of respondents strongly 
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disagreed/disagreed that their management communicates decisions effectively with 
employees. Three items had more positive responses on this construct but it must be 
noted that they are fairly low. Accordingly, 23 (32.9%) of respondents agreed/strongly 
agreed that in their organizations, employee’s suggestions are listened to. However, 30 
(42.9%) of respondents slightly agreed with this item. Furthermore, of the total 
respondents, 29 (41.4%) agreed/strongly agreed that employees are empowered to 
make suggestions on improvements. Then, 28 (40%) of respondents agreed/strongly 
agreed that changes suggested by employees are usually examined and implemented.  
 
5.4.6. STRATEGIC PLANNING 
 
The responses on six items that were used to measure the strategic planning construct 
are presented in Table 5.8 below.  
 
Table 5. 8: Strategic Planning 






























Row N% 5.7% 20.0% 74.3% 
 
SP2 
Our organisation sets 
clear roles and 




















provides clear guidelines 
















Row N% 7.1% 17.1% 75.5% 
 
SP4 





















provides adequate tools 





















financial support for its 













Row N% 11.4% 30.0% 58.6% 
 
The means of the measuring statement varied from 3.51 to 3.96, while the standard 
deviations ranged from 0.892 to 0.969. It is clear from the results that all six items of 
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the strategic planning construct had more positive responses. Of the total respondents, 
52 (74.3%) agreed/strongly agreed that their organizations set clear 
process/maintenance objectives. Furthermore, 51 (72.9%) of respondents 
agreed/strongly agreed that their organizations set clear roles and responsibilities for its 
employees. Also, 53 (75.5%) of respondents agreed/strongly agreed that their 
organizations provide clear guidelines and procedures to employees. Then, 43 (61.4%) 
of respondents agreed/strongly agreed that their managers clearly communicate 
maintenance objectives and changes. In addition to that, 42 (60%) of respondents 
agreed/ strongly agreed that their organizations provide adequate tools and resources 
for its processes. Finally, 41 (58.6%) of respondents agreed/strongly agreed that their 




The knowledge construct was measured using five items. The responses based on these 
items are presented in Table 5.9 below. 
 
Table 5. 9: Knowledge 
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 Row N% 5.7% 20.0% 74.3% 
 
KN3 
Employees would be 
provided with training 
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The means of the measuring statement varied from 3.84 to 3.93, while the standard 
deviations ranged from 0.785 to 1.002. Based on the results all six items of the 
knowledge construct had more positive responses. Of the total respondents, 52 (74.3%) 
agreed/strongly agreed that acquiring new knowledge is supported in their 
organizations and also that their organizations believes in continuous on-the-job 
training. Furthermore, 50 (71.5%) of respondents agreed/strongly agreed that 
employees would be provided with training relevant to an intervention. Also, 51 
(72.8%) of respondents agreed/strongly agreed that their organizations provides 
relevant training to its employees. Finally, 47 (67.1%) of respondents agreed/ strongly 
agreed that their organizations’ employees are willing to be trained on new concepts.  
 
5.4.8. ORGANISATIONAL CULTURE 
 
The organizational culture construct was measured using five items. The responses 
based on these items are presented in Table 5.10 below. 
 
Table 5. 10: Organizational Culture 
















































 Row N% 8.5% 55.7% 35.8% 
 
OC3 
Concerns of employees 
are considered during 














 Row N% 22.9% 42.9% 34.2% 
 
OC4 
Employees are clearly 
informed about their 
roles when change is 


















promotes a culture that 














Row N% 20.0% 32.9% 47.1% 
 
The means of the measuring statement varied from 3.20 to 3.56, while the standard 
deviations ranged from 0.856 to 1.073. Of the total respondents, 39 (55.9%) 
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agreed/strongly agreed that their organizations promote effective communication of 
changes. Then, 25 (35.8%) of respondents agreed/strongly agreed that their 
organizations promote effective management of change. But 39 (55.7%) of respondents 
slightly agreed with this item. Also, 24 (34.2%) of respondents agreed/strongly agreed 
that concerns of employees are considered during intervals of change. However, 30 
(42.9) of respondents slightly agreed with this item. Furthermore, 35 (50%) of 
respondents agreed/strongly agreed that employees are clearly informed about their 
roles when change is initiated. Finally, 33 (47.1%) of respondents agreed/strongly 
agreed that their organizations promote a culture that is flexible to process changes. 
 
5.4.9. HUMAN FACTORS ENGINEERING PRINCIPLES  
 
The participants were asked to state their opinion, if the review, understanding and 
management of the HFE principles should be adopted/improved in their organizations 
to assist with maintenance performance improvement. The responses on four items 
based on human factors engineering principles are presented in Table 5.11.  
 
Table 5. 11: Human Factors Engineering Principles 
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Row N% 1.4% 14.3% 84.3% 
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The means of the measuring statement varied from 4.10 to 4.20, while the standard 
deviations ranged from 0.700 to 0.773. Based on the results it is apparent that all four 
human factors engineering principles were positively supported by respondents. Thus, 
57 (81.4%) of respondents agreed/strongly agreed that power plants should adopt the 
review, understanding and management of interactions among human and equipment 
to optimize the human well-being and overall system performance. Furthermore, 59 
(84.3%) of respondents agreed/strongly agreed that power plants should adopt the 
review, understanding and management of organizational factors that influence 
behavior that can affect maintenance performance and health and safety; individual 
characteristics, which influence behavior that can affect maintenance performance and 
health and safety; and Ways in which the organization, the job, and the individual 
interact to influence human-machine relationship in maintenance of complex systems.   
 
5.5. RELIABILITY ANALYSIS   
 
The survey questionnaire which is attached in Appendix B had nine constructs that were 
used to examine power plants’ readiness to implement or use human factors engineering 
in maintenance. These constructs are relative advantage, compatibility, cost, 
management, employee engagement, strategic planning, knowledge, organizational 
culture, and human factors engineering. The reliability analysis of the constructs was 
done using SPSS Statistics 26. The reliability analysis was used to measure the 
consistency across the items of the measuring instrument (Huck, 2007 cited in 
Taherdoost, 2016) and the scale was deemed to have reliable internal consistency when 
items of the construct hanged together and measure the same construct (Huck, 2007, 
Robinson, 2009 cited in Taherdoost, 2016). Cronbach’s Alpha coefficient was selected 
to measure the reliability of constructs since it is classified as the most suitable measure 
of reliability specifically when Likert scales are used (Whitley, 2002, Robinson, 2009). 
There are no definite that exist to govern internal consistencies, but most suggest a 
lower limit of internal consistency coefficient of 0.70 (Nunnally,1978, Whitley, 2002, 
Hair at al., 2010). The values of Cronbach’s Alpha for each construct that were obtained 






Table 5. 12: Reliability analysis using the Cronbach’s Alpha  
Construct  Number of 
Items 
Cronbach’s Alpha 
Relative Advantage  5 0.854 
Compatibility  4 0.913 
Cost  5 0.840 
Management  5 0.922 
Employee Engagement  5 0.930 
Strategic Planning  6 0.868 
Knowledge  5 0.813 
Organizational Culture  5 0.906 
Human Factors Engineering  4 0.904 
 
The results show that the Cronbach’s Alpha coefficients for testing the reliability of the 
constructs ranged from 0.813 to 0.930. This is an illustration that the reliability of the 
measuring instrument (questionnaire) of this study is fairly high. These values are above 
0.7, thus they are acceptable. See Appendix C for Cronbach’s Alpha coefficients of all 
items used to measure each construct.  
 
5.6. EXPLORATORY FACTOR ANALYSIS  
 
The measuring instrument or questionnaire should be tested for validity before results 
of the study are accepted as meaningful. The exploratory factor analysis (EFA) was 
adopted as the validity testing technique for the constructs of the questionnaire used in 
this study. This was done in order to determine whether each question or item loaded 
onto (contributed to) the construct of the measuring instrument or questionnaire (Wiid 






5.6.1. DETERMINING FEASIBILITY TO DO FACTOR ANALYSIS  
 
The measuring instrument was tested so as to determine if it was feasible to perform 
the exploratory factor analysis. Table 5.13 exhibits the results of the Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy and the Batlett’s Test for measuring the 
significance of the model’s item correlation.  
 
Table 5. 13: Kaiser-Meyer-Olkin (KMO) Measure and Batlett’s Test 
KMO and Bartlett's Test 
 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.710 




The results exhibit the KMO value of 0.710 which is greater than 0.5 suggested as lower 
limit by (Netemeyer and Bearden cited in Ayuni and Sari, 2018; Kaiser, 1974 cited in 
Pallat, 2010). There is also a strong correlation structure since the significance of the 
Bartlett's Test is 0.000 which is less than 0.05 proposed as the upper limit by (Daniel 
and Berinyuy, 2010; Yong and Pearce, 2013). Hence, it was feasible to perform the 
exploratory factor analysis. 
 
5.6.2. DETERMINING THE NUMBER OF FACTORS  
 
The exploratory factor analysis was conducted and it resulted in the extraction of nine 
factors. The criteria adopted to establish the number of factors included the cumulative 
percentage declared by the factors, eigenvalues and the significant decline in the scree 









Table 5. 14: The eigenvalues and total variance explained by the factors 
 Initial Eigenvalues 
Extraction Sums of Squared 
Loadings 



















































































1 10.974 29.661 29.661 10.974 29.661 29.661 4.746 12.826 12.826 
2 5.007 13.531 43.192 5.007 13.531 43.192 4.219 11.403 24.229 
3 3.176 8.584 51.776 3.176 8.584 51.776 3.683 9.954 34.184 
4 2.519 6.809 58.585 2.519 6.809 58.585 3.492 9.437 43.621 
5 2.087 5.641 64.225 2.087 5.641 64.225 3.362 9.085 52.706 
6 1.833 4.955 69.181 1.833 4.955 69.181 3.184 8.604 61.310 
7 1.355 3.661 72.842 1.355 3.661 72.842 2.943 7.955 69.265 
8 1.174 3.172 76.014 1.174 3.172 76.014 1.843 4.982 74.247 
9 1.117 3.018 79.032 1.117 3.018 79.032 1.770 4.785 79.032 
10 .841 2.273 81.305       
11 .699 1.888 83.193       
12 .618 1.670 84.863       
13 .565 1.528 86.391       
14 .525 1.418 87.809       
15 .472 1.275 89.084       
16 .449 1.215 90.298       
17 .440 1.190 91.489       
18 .400 1.081 92.570       
19 .339 .915 93.485       
20 .302 .817 94.302       
21 .259 .699 95.002       
22 .235 .634 95.636       
23 .206 .556 96.192       
24 .194 .525 96.717       
25 .190 .513 97.230       
26 .160 .433 97.663       
27 .153 .413 98.076       
28 .129 .348 98.424       
29 .112 .303 98.727       
30 .095 .257 98.984       
31 .084 .228 99.212       
32 .067 .181 99.392       
33 .065 .176 99.569       
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34 .058 .157 99.726       
35 .048 .130 99.856       
36 .032 .087 99.943       
37 .021 .057 100.000       
Extraction Method: Principal Component Analysis.  
 
It can be seen from the results that all the factors with eigenvalues of 1 and above were 
retained as per the recommendation of (Kaizer, 1960 cited in Wiid and Diggines, 2015; 
Fabrigar et al., 1999). This is based on the notion that the eigenvalue 1 constitute a 
considerable amount of variation (Wiid and Diggines, 2015). The cumulative variance 
of the nine factors was 79.032% and is considered high since it is higher than the 
adequate cumulative variance of 60% suggested by (Hair, et al., 2006).  
The retention of the nine factors as stated above can also be interpreted using the scree 
plot, which is a graphical illustration of factors matching the eigenvalues. Based, on the 
scree plot presented in Figure 5.7 below, the first nine factors descent the steepest, 
however the descent levels are out from factor ten onwards. This is an indication that 
the tenth factor is not adequate, hence only nine factors were retained.   
 
 
Figure 5. 7: The scree plot of Eigenvalues and factors 
 
The communalities as seen in Appendix D of the items were ranging between 0.688 
and 0.898, then the rotated component matrix for determining the composition of 




5.6.3. DETERMINING THE COMPOSITION OF THE FACTORS 
 
After the extraction of the nine factors as stated above, the composition of the factors 
was established using the orthogonal varimax. The orthogonal varimax is a commonly 
used approach which intends to reduce the amount of variables with extreme loadings 
on each factor (Pallant, 2010). It then allows for the labelling of factors. The process of 
allocating names to the factors is partisan, theoretical, and inductive (Pett et al., 2003 
cited in Williams et al., 2010). In this study the factor loadings in a rotated matrix were 
done to see which items have been identified with each other and retained in the model 
since the constructs had already been labelled in the measuring instrument. Table 5.15 
below presents the rotated component matrix.  
Out of forty four items that formed part of the questionnaire, thirty seven were retained 
and only seven were removed. Majority of factor loadings except four were higher than 
0.6 and were considered strong as suggested by (Kline, 2005; Guadagnoli and Velicer, 
1988). Beavers et al., (2013), stated that the sample size is not essential if the factors 
consist of four or more items that have loadings of 0.60 or higher. Now, the remaining 
four factor loadings were above 0.5 which is classified as strong or practically 


















Table 5. 15: Rotated Component Matrixa 
Construct Component 
 1 2 3 4 5 6 7 8 9 
EE3 .896 -.008 -.134 .148 -.087 -.159 .020 .120 -.025 
EE4 .866 .216 -.022 .217 .087 -.013 .043 .131 -.026 
EE5 .856 .241 .046 .067 -.021 -.145 -.038 .069 .099 
EE1 .827 .079 .064 .129 .199 .041 .120 .052 .122 
EE2 .748 .209 .062 .223 .225 .023 -.020 .064 .258 
MA1 .082 .886 .100 .041 .193 -.005 .136 .037 -.017 
MA3 .158 .865 .164 .167 .116 -.063 .055 .032 .218 
MA4 .222 .841 .090 .117 .016 -.127 .115 .099 .123 
MA2 .307 .767 .234 .061 .223 .015 .162 -.036 -.086 
MA5 .099 .692 .039 .191 .035 .094 -.120 .371 .195 
CO4 .046 .096 .857 .132 .122 .018 .204 -.004 .011 
CO1 -.029 .097 .841 .009 .267 -.062 .103 .177 -.022 
CO2 -.070 .153 .819 .130 .140 -.042 .261 .112 -.065 
CO3 .021 .156 .778 .120 .146 .025 .242 -.099 .229 
SP1 .125 .034 .208 .849 .150 .021 .079 .116 -.101 
SP3 .144 .265 .026 .833 .038 -.062 .042 .146 .049 
SP2 .252 .006 .091 .830 -.012 -.079 .108 .036 .181 
SP4 .302 .214 .160 .662 .041 -.043 .034 .180 .365 
HF4 .075 .098 .242 -.008 .880 .159 .007 .021 .007 
HF3 -.025 .093 .191 .084 .840 .136 .042 .042 .100 
HF2 .134 .161 .048 .170 .786 .110 .240 .068 .210 
HF1 .217 .155 .175 -.009 .784 .023 .182 .236 -.132 
CT1 -.108 .166 -.207 -.016 .014 .795 .018 -.125 -.006 
CT4 -.057 -.125 .122 .077 .065 .786 .176 .008 .102 
CT5 .039 -.231 .098 -.277 -.005 .764 -.009 .018 .188 
CT2 -.019 .249 -.124 -.020 .223 .750 .187 -.132 -.174 
CT3 -.096 -.135 .045 .004 .167 .749 -.107 .126 -.167 
RA5 .051 .018 .235 .165 .112 .115 .827 -.114 -.068 
RA4 -.141 .134 .146 -.013 .223 .072 .740 -.086 .341 
RA2 .105 .100 .261 .016 .084 .070 .690 .328 -.059 
RA1 .153 .087 .396 .086 .055 -.103 .619 .409 -.016 
RA3 .076 .164 .425 .141 .040 .147 .534 .353 .149 
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KN1 .299 .190 -.016 .192 .194 -.109 .179 .691 -.020 
KN2 .176 .115 .192 .278 .162 -.007 .085 .650 .262 
OC5 .505 .301 .070 .195 .071 -.044 .009 .257 .584 
OC4 .429 .242 -.054 .508 .059 -.068 .072 .037 .549 
OC2 .335 .257 .124 .306 .244 -.004 .242 .170 .548 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization.  
a. Rotation converged in 9 iterations. 
 
5.7. CORRELATION ANALYSIS  
 
The correlation analysis was done to establish the strength, direction and significance 
of linear relationship amongst the variables.  The linear relationship was evaluated 
through examining the Pearson correlation coefficient (r) and significance. If the 
correlation r is 0, it explains that there is no relationship, if r is 1 there is excellent 
positive relationship and if r is –1 there is excellent negative relationship (Cooper and 
Schindler, 2010). Now, Cohen (1988) cited in Pallant (2010) suggests that the 
correlation among the variables should be interpreted as shown in Table 5.16 below.  
 
Table 5. 16: Classification of correlation strength (Source: Cohen, 1988 cited in 
Pallant, 2010) 
Pearson coefficients Strength of linear relationship 
r = 0.1 to 0.29 Small 
r = 0.3 to 0.49 Medium 
r = 0.5 to 1 Large 
 
To test the statistical significance the alpha level of 0.05 as the upper limit was selected. 
Morgan et al. (2016) indicated that the common alpha levels in social sciences are 0.05 
and 0.01. APA manual as indicated in Morgan et al. (2016) states that as much as 0.05 
and 0.01 alpha levels are common, but the one used in the study must be explicitly 
stated. Table 5.17 below exhibits the results of the Pearson correlations and significance 









Table 5. 17: Correlations matrix 
 
RA CO CT MA EE SP KN OC HF 
RA Pearson Correlation 1         
Sig. (2-tailed)          
N 70         
CO Pearson Correlation .590** 1        
Sig. (2-tailed) .000         
N 70 70        
CT Pearson Correlation .120 -.004 1       
Sig. (2-tailed) .323 .974        
N 70 70 70       
MA Pearson Correlation .318**  .323** -.052 1      
Sig. (2-tailed) .007 .006 .670       
N 70 70 70 70      
EE Pearson Correlation .160 .081 -.116 .409** 1     
Sig. (2-tailed) .185 .508 .338 .000      
N 70 70 70 70 70     
SP Pearson Correlation .292* .287* -.125 .376**  .452** 1    
Sig. (2-tailed) .014 .016 .304 .001 .000     
N 70 70 70 70 70 70    
KN Pearson Correlation .391** .293* -.090 .394**  .452**  .478** 1   
Sig. (2-tailed) .001 .014 .457 .001 .000 .000    
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N 70 70 70 70 70 70 70   
OC Pearson Correlation .325** .217 -.091 .537**  .658** .657**  .525** 1  
Sig. (2-tailed) .006 .072 .451 .000 .000 .000 .000   
N 70 70 70 70 70 70 70 70  
HF Pearson Correlation .383** .407** .211 .343** .246* .222  .360**  .319** 1 
Sig. (2-tailed) .001 .000 .080 .004 .040 .065 .002 .007  
N 70 70 70 70 70 70 70 70 70 
**. Correlation is significant at the 0.01 level (2-tailed). 









There was a medium, positive and significant correlation between human factors and 
relative advantage, r = 0.383, n = 70, α = 0.001. There was also a medium, positive and 
significant correlation between human factors and compatibility, r = 0.407, n = 70, α = 
0.000. The correlation between human factors and cost was small, positive and 
insignificant, r = 0.211, n = 70, α = 0.080. There was a medium, positive and significant 
correlation between human factors and management, r = 0.343,  
n = 70, α = 0.004. The correlation between human factors and employee engagement 
was small, positive and significant, r = 0.246, n = 70, α = 0.04. The correlation between 
human factors and strategic planning was small, positive and insignificant, r = 0.222, n 
= 70, α = 0.065. There was a medium, positive and significant correlation between 
human factors and knowledge, r = 0.360,  
n = 70, α = 0.002. Lastly, there was a medium, positive and significant correlation 
between human factors and organizational culture, r = 0.319, n = 70, α = 0.007. 
According to Williams et al. (2010), if no correlations are above 0.30, then performing 
factor analysis should be reconsidered as to whether it was appropriate to use it. So, in 
this study five out of eight went beyond 0.3, hence factor analysis was appropriate.  

















Table 5. 18: Correlations matrix – Final Model 
 HF RA CO CT MA EE SP KN OC 
Pearson 
Correlation 
Human Factors (HF) 1.000         
Relative Advantage 
(RA) 
.387 1.000        
Compatibility (CO) .410 .588 1.000       
Cost (CT) .213 .115 -.007 1.000      
Management (MA) .342 .337 .336 -.043 1.000     
Employee 
Engagement (EE) 
.246 .189 .097 -.105 .389 1.000    
Strategic Planning 
(SP) 
.231 .366 .343 -.110 .348 .398 1.000   
Knowledge (KN) .366 .385 .289 -.097 .417 .493 .579 1.000  
Organizational 
Culture (OC) 
.318 .337 .223 -.086 .531 .658 .684 .541 1.000 
Sig. (1-
tailed) 
Human Factors (HF) .         
Relative Advantage 
(RA) 
.001 .        
Compatibility (CO) .000 .000 .       
Cost (CT) .039 .173 .476 .      
Management (MA) .002 .002 .002 .362 .     
Employee 
Engagement (EE) 
.021 .060 .214 .195 .000 .    
Strategic Planning 
(SP) 
.028 .001 .002 .184 .002 .000 .   
Knowledge (KN) .001 .001 .008 .213 .000 .000 .000 .  
Organizational 
Culture (OC) 
.004 .002 .033 .240 .000 .000 .000 .000 . 
N Human Factors (HF) 69         
Relative Advantage 
(RA) 
69 69        
Compatibility (CO) 69 69 69       
Cost (CT) 69 69 69 69      
Management (MA) 69 69 69 69 69     
Employee 
Engagement (EE) 
69 69 69 69 69 69    
Strategic Planning 
(SP) 
69 69 69 69 69 69 69   
Knowledge (KN) 69 69 69 69 69 69 69 69  
Organizational 
Culture (OC) 
69 69 69 69 69 69 69 69 69 
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The following section will focus on the regression analysis. There are assumptions that 
need to be met for the regression analysis to be deemed adequate. One of them is that 
there should be no multicollinearity among independent variables. Based on results 
displayed in Table 5.17 and Table 5.18, it is clear that multicollinearity did not exist 
since there are no independent variables that were highly correlated at r = 0.9 and higher 
(Pallant, 2010). 
 
5.8. REGRESSION ANALYSIS  
 
Now, after the correlation analysis was conducted to determine the strength of 
relationships between the independent variables and the dependent variables (Newbold 
et al., 2013), the regression analysis was performed. The regression analysis was 
performed to identify the nature of relationship between the variables where a 
prediction of the dependent variable was done on the basis of the independent variables 
(Wiid and Diggines, 2015). According to Pallant (2010) multiple regression can assist 
in addressing the following questions: 
 Is a group of variables able to adequately forecast a specific outcome?  
 Which variable/s in a group can perfectly predict a specific outcome?  
 Can a specific predictor variable still forecast an outcome when the impact of 
other variables are controlled or kept constant?  
In this study the regression analysis was conducted to assess the relationships between 
the independent variables relative advantage, compatibility, cost, management, 
employee engagement, strategic planning, knowledge and organizational culture and 
the dependent variable human factors. For the regression analysis to be deemed 
appropriate, assumptions with regard to multicollinearity, outliers, normality, 
homoscedasticity, and linearity must be met. Hence, a preliminary analysis was 
performed to inspect whether the results were supporting these assumptions. The only 
issue that was found in the preliminary analysis was the presence of one outlier. It was 
then removed from the final regression analysis. The results presented in this section 







5.8.1. MODEL SUMMARY   
 
The model summary table is used to examine whether the independent variables taken 
together as a set they predict the dependent variable. The key value to look at in the 
model summary table is the R2. The R2 which is also known as the coefficient of 
determination illustrates the extent to which the model, in relation with the mean, 
describes the observed variation in the outcome variable (Sarstedt and Mooi, 2014). 
Table 5.19 below presents the model summary of multiple regression analysis.  
 
Table 5. 19: Model Summaryb 








1 .577a .333 .244 .57566 2.062 
a. Predictors: (Constant), Organizational Culture, Cost, Compatibility, Knowledge, Management, 
Relative Advantage, Employee Engagement, Strategic Planning 
b. Dependent Variable: Human Factors 
 
Based on the results presented on the model summary table, it is clear that R2 = 0.333.  
This R2 value is deemed adequate since it is around 0.3 which is regarded as common 
for cross sectional research studies as suggested by (Sarstedt and Mooi, 2014). The R2 
value of 0.333 means that taken as a set, the predictors relative advantage, 
compatibility, cost, management, employee engagement, strategic planning, knowledge 
and organizational culture account for 33.3% of the variance in readiness to adopt 
human factors. Hence, 66.7% (100% - 33.3%) was explained by factors that are not 
included in this study (Knapp, 2014).   
 
5.8.2. ANOVA ANALYSIS  
 
The ANOVA test was used to establish if more than two means were equal in a 
relationship between independent variables and the dependent variable (Wiid and 
Diggines, 2015). The F-test as part of ANOVA procedure was used to ascertain if there 
was a statistical significance in the difference between the mean scores through 
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producing a ρ-value of probability (Everitt and Hothorn, 2014 cited in Wiid and 
Diggines, 2015). So, if the probability value (ρ-value) generated is less than 0.05, then 
the combined predictors (independent variables) have a significant linear relationship 
with the outcome (dependent) variable (Wiid and Diggines, 2015). Table 5.20 below 
presents the results of the F-Test determined through the ANOVA analysis.  
 
Table 5. 20: ANOVAa Analysis 
Model Sum of Squares df Mean 
Square 
F Sig. 
1 Regression 9.928 8 1.241 3.745 .001b 
Residual 19.883 60 .331   
Total 29.812 68    
a. Dependent Variable: Human Factors 
b. Predictors: (Constant), Organizational Culture, Cost, Compatibility, Knowledge, Management, 
Relative Advantage, Employee Engagement, Strategic Planning 
 
Based on the results of the ANOVA test, it is apparent that the entire regression model 
was significant, F (8,61) = 3.670, ρ < 0.05, R2 = 0.325. This means that the main 
hypothesis (HM) which states “human factors engineering determinants which are 
relative advantage, compatibility, cost, management, employee engagement, strategic 
planning, knowledge and organizational are positively related with the readiness to 
adopt human factors engineering” is partially supported and the null hypothesis is 
rejected. The significance of the model does not indicate that all regression coefficients 
will be significant, but when the model is significant, there is a likelihood that at a 












5.8.3. MODEL COEFFICIENTS 
 
The results of coefficients of the independent variables versus the dependent variable 
are exhibited in Table 5.21 below.    
 



























































































Bound Tolerance VIF 
1 (Constant) 1.155 .676  1.709 .093 -.197 2.506   
Relative 
Advantage 
.086 .177 .068 .489 .627 -.267 .440 .567 1.763 
Compatibility .245 .115 .289 2.122 .038 .014 .476 .598 1.671 
Cost .167 .078 .234 2.160 .035 .012 .323 .946 1.057 
Management .074 .105 .092 .698 .488 -.137 .285 .639 1.566 
Employee 
Engagement 
.026 .097 .040 .270 .788 -.167 .220 .516 1.939 
Strategic Planning -.138 .145 -.154 -.955 .343 -.428 .151 .426 2.349 
Knowledge .207 .134 .223 1.554 .126 -.060 .475 .538 1.860 
Organizational 
Culture 
.122 .145 .160 .845 .401 -.167 .412 .311 3.220 
a. Dependent Variable: Human Factors 
 
Based on the coefficient results, out of the eight independent variables two were 
statistically significant, with compatibility registering a larger beta (beta = .289, ρ < 
0.05) than the cost (beta = .234, ρ < 0.05).  It is crucial to note that the term 
‘significance’ does not mean ‘important’ but rather an expression about the probability 
of results being due to chance or the extent of ambivalence the researcher is willing to 
accept (Fethney, 2010). Even the insignificant results can give the reader very useful 
information (Morgan et al, 2016). When researchers restrict the interpretation of results 
to variables with statistical significance on the basis of ρ, it means they may either 
exaggerate or understate the impact of their results (Fethney, 2010). Now, the beta 
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variables allow for assessing the predictor variable that makes the highest unique 
contribution in predicting the independent variable (Pallant, 2010).  
The regression analysis can be completed if there is no violation of the statistical 
assumptions as highlighted earlier. One of these assumptions is that there should be no 
multicollinearity. According to Sarstedt and Mooi (2014), multicollinearity means that 
three or more of the variables are strongly related with each other. Based on the results 
in Table 21, all tolerances are above 0.1 and variance inflation factors (VIF) are below 
10, hence the regression model did not suffer multicollinearity (Pallant, 2010; 
Tabachnick and Fidell, 2007). Authors such as Sarstedt and Mooi (2014) and (Garson, 
2012) suggest that a VIF value such as 5 should be used as the upper limit or cut-off. 
Even when this lower value is used, the regression model is deemed to have not suffered 
multicollinearity.   
 
5.8.4. MAHALANOBIS DISTANCE RULE ON OUTLIERS  
 
There is a necessity to investigate the outliers since the regression model is sensitive to 
outliers. Mahalanobis distance approach was used to inspect any outliers. Table 5.22 
below presents the results of residual statistics.  
 
Table 5. 22: Residuals Statisticsa 
 Minimum Maximum Mean 
Std. 
Deviation N 
Predicted Value 3.3211 4.9635 4.1703 .38211 69 
Std. Predicted Value -2.222 2.076 .000 1.000 69 
Standard Error of Predicted Value .103 .330 .202 .051 69 
Adjusted Predicted Value 3.1527 4.9871 4.1614 .39847 69 
Residual -1.47156 .93768 .00000 .54074 69 
Std. Residual -2.556 1.629 .000 .939 69 
Stud. Residual -2.764 1.683 .007 1.012 69 
Deleted Residual -1.72082 1.06442 .00886 .62983 69 
Stud. Deleted Residual -2.934 1.710 .003 1.027 69 
Mahal. Distance 1.186 21.337 7.884 4.361 69 
Cook's Distance .000 .144 .019 .028 69 
Centered Leverage Value .017 .314 .116 .064 69 




The results indicate that the maximum value of the Mahalanobis distance indicated as 
Mahal. distance in Table 4.22 is 21.337. This value indicates that there are no 
multivariate outliers on the final regression model, since it is less than 26.13 suggested 
as the critical value when eight independent variables are used (Tabachnick and Fidell, 
2007 cited in Pallant, 2010).  See Table 5.23 below for the critical values used in 
evaluating the adequacy of the model’s Mahalanobis distance value.  
 
Table 5. 23: Critical values for evaluating Mahalanobis distance values (Source: 
Tabachnick and Fidell, 2007 cited Pallant, 2010) 











5.8.5. HISTOGRAM OF REGRESSION RESIDUAL ANALYSIS 
 
The histogram was inspected to see if there were any serious concerns with regard to 
the normality which is one of the assumptions that need to be satisfied in regression 
analysis.  Figure 5.8 below exhibits the histogram of regression residual analysis to 





Figure 5. 8: Histogram regression residual analysis 
 
The normal curve on the histogram illustrates that the data is distributed normally. This 
is because, the apex of scores is in the middle or the greatest portion fits in the bell-
shaped curve (Gravetter and Wallnau 2007 cited in Pallant, 2010).  Hence, there has 
been no violation of the normality assumption.  
 
5.8.6. NORMAL P-P PLOT OF REGRESSION RESIDUAL ANALYSIS   
 
Another way to assess the normality of data is through the normal P-P plot of residual 





Figure 5. 9: Normal P-P plot of regression residual analysis 
 
Based on the normal P-P plot there is a reasonable straight line which illustrates that 
the scores are normally distributed (Pallant, 2010; Garson, 2012).  
 
5.8.7. SCATTERPLOT OF REGRESSION RESIDUAL ANALYSIS 
 
Another assumption that should be met in regression analysis is related with 
homoscedasticity which can be inspected on the scatterplot. The scatterplot is also used 
to inspect linearity and possibility of outliers. Figure 4.10 below shows the scatterplot 




Figure 5. 10: Scatterplot of regression residual analysis 
 
The assumption of homoscedasticity is met when the residuals create a scattered or 
random cloud of dots (Garson, 2012; Pallant, 2010). Hence, it is apparent from the 
scatterplot that the assumption of homoscedasticity was met. The randomness and 
homoscedastic nature of the scatterplot also means that the linearity assumption was 
met (Garson, 2012). As indicated earlier the scatterplot is also used to inspect the 
possibility of outliers. Since all scores did not go beyond 3 and -3, the final regression 
model had no outliers as suggested by Tabachnick and Fidell (2007) and Pallant (2010) 
that the residuals should not be higher than 3.3 or smaller than -3.3. It should be noted 
that the initial model showed one outlier and it was removed from the final model.  
 
5.8.8. REGRESSION EQUATION  
 
The regression equation is used to illustrate how appropriately a group of variables can 
predict a specific outcome (Pallant, 2010). Furthermore it is suggested that if there is 
an interest of formulating a regression equation, the unstandardized coefficient values 
should be used. Using the unstandardized beta coefficients presented in Table 4.21 the 
regression equation was constructed.  
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Now, based on the regression equation presented in Chapter 4 considering all 
independent variables, the statistically significant and insignificant, and the regression 
equation is as follows:  
 
𝐻𝐹 = 1.112 +  0.078 𝑅𝐴 + 0.233 𝐶𝑂 + 0.168 𝐶𝑇 + 0.093 𝑀𝐴 + 0.052 𝐸𝐸
− 0.064 𝑆𝑃 + 0.164 𝐾𝑁 + 0.078 𝑂𝐶 
 
Where: 1.112 is the population constant or intercept  
HF is Human Factors (readiness) 
 RA is Relative Advantage  
 CO is Compatibility  
 CT is Cost  
MA is Management  
EE is Employee Engagement  
SP is Strategic Planning  
KN is Knowledge  
OC is Organizational Culture  
Now, the equation that uses the independent variables that have a unique contribution 
in predicting the outcome is as follows:  
 
𝐻𝐹 = 1.112 + 0.233 𝐶𝑂 + 0.168 𝐶𝑇 
 
Where: 1.112 is the population constant or intercept  
HF is Human Factors (readiness to adopt)  
 CO is Compatibility  
 CT is Cost  
 
The independent variables are simultaneously used in the equation to assess each 
variable in relation with its predicative capacity over and above the predictive capability 
over by a group of variables (Pallant, 2010). It is further stated that a positive value of 
beta coefficient in the regression, means that each time the predictor variable is 
increased by 1-unit there will be an increase in the dependent variable by the value of 
the standardized beta coefficient (Knapp, 2014). For an example, based on the equations 
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presented above, this means that for every unit increase in compatibility, there will be 
0.233 increase in readiness to adopt human factors and in relation with cost there will 
be 0.168 increase. 
 
5.9. QUALITATIVE ANALYSIS OF COMMENTS  
 
Respondents were asked to make additional comments at the end of the questionnaire 
which is a general practice when dealing with survey questioners.  Even though these 
additional comments can be very useful, most researchers fail to analyze and report 
them in their studies (Decorte et al., 2019; O'Cathain and Thomas, 2004).  In this study 
the effort was made to analyze, code and present the additional comments and even 
discuss them.  The effort of analyzing and presenting additional comments is also an 
ethical approach to respondents who kindly provide this data (O'Cathain and Thomas, 
2004). Out of 70 respondents, 25 (35.7%) made additional comments. The comments 
were coded and arranged into thematic content, however the table that presents the 
themes was not added since only aggregate data was to be reported. Hence, Figure 5.11 
below presents the thematic content extracted from additional comments which is more 
specific to this study.  
 
 























Thematic content extracted from additional comments
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It can be seen from the qualitative results that the comments of 44% of respondents who 
made additional comments were associated with relative advantage. This was followed 
by 36% related with organizational culture. Furthermore, 24% of respondents’ 
comments were related with management and knowledge was also recognized by 24% 
of respondents. Compatibility was recognized by 20% of respondents while cost was 
recognized by 16%. On the other hand 12% of respondents made comments related 
with employee engagement whereas as small as 4% were associated with strategic 
planning. Lastly, comments that were not directly related with determinants of HFE 
were made by 36% of respondents. It should be noted that the table presents the results 
of additional comments in relation with only 25 respondents who made additional 
comments.  
 
5.10. SUMMARY  
 
This chapter presented the quantitative analysis and results based on the primary data 
collected from respondents who work in South African public and private power plants. 
The results included the sample size and its characteristic, the extent of adoption, 
importance of adoption, descriptive statistics of independent and dependent variables, 
reliability of measuring constructs, constructs’ validity test or exploratory factor 
analysis and multiple regression analysis. From the exploratory factor analysis all the 
constructs of the measuring instrument were retained. This means that the constructs of 
the model were measuring what they were intend to measure which is regarded as 
construct validity. The regression analysis led to the confirmation of the main 
hypothesis which was related with the combination of relative advantage, compatibility, 
cost, management, employee engagement, strategic planning, knowledge and 
organizational culture being associated with the readiness to adopt or use HFE. 
Hypothesis testing for each of the independent variables only supported compatibility 
and cost as variables that give unique variance in predicting readiness to adopt HFE as 
opposed to other variables. The additional comments made by 25 respondents were 
analyzed using qualitative methods and very useful data was extracted.  






CHAPTER 6: DISCUSSIONS  
 
6.1. INTRODUCTION  
 
The empirical data was collected to assess the readiness to implement HFE in 
maintenance of South African power plants. Data collection is a critical aspect of any 
research since the data is intended to contribute in gaining clear understanding of the 
theoretical framework. It is therefore important to choose an adequate method for data 
gathering and make a proper selection of those who will supply the data, for there is no 
detailed and rigorous analysis that can compensate the inappropriately gathered data. 
Detailed results and analysis were presented in Chapter 5. This chapter discusses results 
related with the pretesting of the measuring instrument, sample and its characteristics, 
descriptive statistics of constructs, hypothesis testing, refined conceptual framework 
and qualitative analysis of comments. It then closes with a summary.    
 
6.2. PRETESTING THE MEASURING INSTRUMENT    
 
After the questionnaire was developed, the recommendations stated in Chapter 4 with 
regard to pretesting of the questionnaire were followed. The questionnaire of this study 
was pretested with ten participants to examine the following: 
 The simplicity of the instructions. 
 The clarity of words used in questions. 
 The logical connection of questions.  
 The terms used in the questionnaire. 
 The layout of the questionnaire.  
 The time required to complete the questionnaire.  
The questionnaires were sent to the participants via email and LinkedIn messaging. The 
first pilot results were analysed and there were lot of changes made in the questionnaire. 
Then the questionnaire was reworked and discussed with an experienced statistician 
and the supervisor. Now, because there were major changes on the initial questionnaire, 
so the second questionnaire was also pre-tested using another ten participants (Wilson, 
2012). There were no major changes on the second questionnaire that necessitated 
further piloting, hence it was distributed to the participants for the main study.  
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6.3. DISCUSSION OF THE SAMPLE AND ITS CHARACTERISTICS 
 
6.3.1. THE SAMPLE SIZE  
 
The questionnaire was distributed to 137 participants who work in both public and 
private power plants in South Africa, but only 70 completed the questionnaires. This 
means that the response rate for this study was 51%. This is an adequate response rate 
since it is within the suggested good response rate of 50% and average of 40% when 
using emails to access the participants (Saldivar, 2012). The sample size was greater 
than 30 and smaller than 500 which are suggested as guidelines for sufficient sample 
size when dealing with quantitative analysis (Roscoe, 1975 cited in Halim and Ishak, 
2014; Altunisik et al., 2004; Borg and Gall, 1979 cited in Cohen et al., 2000). Now, 
since this is a wide interval the quality of the sample should be taken into consideration 
(Morse, 2000; Thomson, 2004). According to Bernard (2002) cited in Tongco (2007) 
in purposive sample study there is no limit on the sample size provided that the adequate 
information is obtained. The sample size was found to be adequate for exploratory 
factor analysis since the KMO value was 0.710 which is greater than 0.5 suggested as 
a lower limit (Netemeyer and Bearden, 2003 cited in Ayuni and Sari, 2018; Kaiser, 
1974 cited in Pallat, 2010). There is also a strong correlation structure since the 
significance of the Bartlett's Test was 0.000 which is less than 0.05 proposed as the 
upper limit (Daniel and Berinyuy, 2010; Yong and Pearce, 2013).  
 
6.3.2. POSITIONS OF RESPONDENTS  
 
The results showed that 31.43% of respondents was a combination senior engineers and 
engineers and 30.15% was a combination of power plant managers, senior managers 
and managers. This major proportion of the population constitute positions with skills 
and decision powers that affect the maintenance process and can add value in the 
adoption of HFE in their respective power plants. In the study by Wilson et al. (2007) 
the focus was on the project managers and engineers when it comes to how HFE would 
be incorporated into the system life cycle. Managers and engineers are at the forefront 
of making decisions related with changes on technical processes, hence their views are 
critical in the transitioning and operational state. 
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The remaining proportion of the sample included technicians, supervisors, specialists, 
coordinators and others whom their opinions are critical at the transition state since they 
would be affected by change.  
 
6.3.3. TECHNICAL PROCESS IN THE POWER PLANT 
 
The results showed that 62.9% of respondents were directly involved in maintenance. 
Now, the remaining 37.1% included those responsible for the entire plant including 
maintenance, technical services, technical projects and others who from time to time or 
case by case support the maintenance teams with maintenance projects and system 
improvement initiatives. This is because the main aim of the study was to assess the 
readiness to implement HFE in maintenance of power plants. Since this study was 
purposive in nature meaning that it used a non-probability sampling, then 
knowledgeable experts who understand the culture of the process in question were 
approached (Tongco, 2007). Due to their knowledge of the process and their 
willingness to participate, they were regarded as key informants (Bernard, 2002; 
Tremblay, 1957; Campbel, 1955 cited in Tongco, 2007). (CIBSE, 2008) stated that the 
management personnel that did not have acquaintance with engineering regarded 
maintenance activities as discretionary luxury that cannot bear tangible benefits. Since 
maintenance personnel and technical services understand the value and depth of 
maintenance, they are key in the assessment of readiness to adopt HFE in maintenance 
of power plants. Waeyenbergh and Pintelon (2002) cited in Mungani and Visser (2013) 
stated that maintenance personnel need to categorize themselves as features of the 
overall production strategy so that maintenance can contribute meaningfully to the 
entire business entity.  
 
6.3.4. SECTION OF THE POWER PLANT 
 
The results showed that 30% of respondents were involved in the entire power plant. 
About 15.71% of respondents were involved in boiler sections and 14.28% in turbine 
sections. These were followed by electrical which was represented by 12.86% and 
control and instrumentation which was represented by 5.71%. It is clear from these 
results that the entire power plant and critical components of the power plant were fairly 
represented in this study. Zhang (2020) confirms that the main components that have 
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an influence on the efficiency of thermal power plants are boiler, turbine and generator. 
Hence, it was necessary to fairly represent these sections in this study for an effective 
framework for assessing readiness to implement HFE in power plants to be developed. 
The key informants had necessary knowledge and understanding of the culture of 
maintenance in power plants. Tongco (2007) suggests that key informants should have 
a clear understanding of the culture of the setting.  
 
6.3.5. YEARS OF EXPERIENCE IN POWER PLANTS 
 
The results showed that 54% of respondents had over 10 years of experience in power 
plants and 29% of respondents constituted those with 6 to 10 years power plant 
experience. These results indicate that the greatest portion of respondents had more 
knowledge and experience in power plants. Peach at al. (2016) in the study of 
maintenance that incorporates HFE stated that the practical experience should not be 
disregarded when recognising competence in maintenance. Therefore this study relied 
on people with key competence in the field of maintenance of power plants. Tongco 
(2007) indicates that the selection of informants in a purposive study is based on 
knowledge, professional activity, plant operation and history of informants.   
 
6.3.6. LEVEL OF AWARENESS ON HFE  
 
The results revealed that 44.3% of respondents reported that they had average 
awareness on HFE while 12.9% indicated that they had poor awareness. These lower 
awareness levels when combined contributed to 57.2% of the total respondents. Then, 
31.4% and 14.4% of respondents have good and excellent awareness levels 
respectively. This indicates that a large number of people in South African power plants 
have fairly low awareness on HFE. These results are consistent with Peach at al. (2016) 
who found out that in the electricity transmission industry there was a slow pace in the 
inclusion of HFE awareness and further recommends that awareness be driven from top 
management downwards. Federal Aviation Administration (2012) states that HFE 
awareness results in enhanced quality, and environment that ensures continued human-
machine safety and a more engaged and responsible workers. Carthey and Clarke 
(2010) confirms this by indicating that awareness of HFE assists organisations to 
enhance the safety culture, improve teamwork and communication, improve design and 
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lesson the likelihood of error. On the other hand Pinder (2015) and Chung and Shorrock 
(2011) state that, lack of awareness on HFE principles serves as a barrier to adoption of  
HFE. Pennie et al. (2007) indicates that awareness on major economic impacts caused 
by maintenance errors, such as operations delays, and injuries or loss of life resulted in 
the increase in usage of HFE on maintenance performance. So, power plants need to 
enhance awareness of their maintenance personnel in relation with HFE if they intend 
to use HFE. 
 
6.3.7. ADOPTION OF HUMAN FACTORS ENGINEERING  
 
Based on the results of this study, 89% of respondents reported that their plants had not 
adopted HFE. These results are consistent with Peach at al. (2016) who found out 
except aviation other industries including electricity transmission industry were very 
slow in the use of HFE in maintenance. The lack of adoption of HFE programs in 
various maintenance departments contributes in rare quantitative data (Sheikhalishahi, 
2017). This study also suffered from lack of quantitative data related with the adoption 
or readiness to adopt HFE in maintenance let alone in power plants and the South 
African context. According Bao et al. (2016) as notable issue, HFE in power systems 
requires adequate attention. The low levels of adoption are also attributable to the low 
levels of awareness.  
 
6.3.8. IMPORTANCE OF IMPLEMENTING HFE 
 
The results showed that 97% of the participants indicated that it is important to 
incorporate or adopt HFE in maintenance of power plants. This perception that it is 
important to adopt HFE indicates that generally power plants in the South African 
context would welcome the adoption of HFE. These results are consistent with the study 
by Peach et al. (2016) focusing on electricity transmission industry where maintenance 
human factors were ranked as the second most important maintenance performance 
measurement out of the 20 factors mentioned in the survey. This further confirms that 





6.4. DISCUSSION OF DESCRIPTIVE STATISTICS OF CONSTRUCTS    
 
6.4.1. RELATIVE ADVANTAGE  
 
The results showed that all five observed variables had more positive responses with 
regard to the relative advantage. This is an indication that respondents perceive that the 
adoption of HFE would yield great benefits. For an example, 90% of respondents 
agreed/strongly agreed that HFE integration would lead to improved maintenance 
performance and quality. With this, one can confirm that a great proportion of 
respondents believe that there is a relative advantage of HFE integration into 
maintenance of power plants which can be an advancement of the current maintenance 
practices. Various authors support an idea that innovative interventions that have 
advantages or greater benefits than current practices have a likelihood of diffusion or 
increased use (Alshamaila and Papagiannidis, 2013). According to Reason (cited in 
Wilson et al., 2007) HFE is progressively working at a system’s level, due the 
contribution it makes such as giving greater understanding of organizational failure in 
accidents. Thus, this high perception among respondents regarding the relative 
advantage of HFE interventions can serve as a basis for influencing power plants to 
adopt or fully exploit HFE principles.  
 
6.4.2. COMPATIBILITY   
 
It was clear from the results that all four items measuring the compatibility of HFE with 
maintenance had more positive responses. This indicates that generally respondents 
believe that HFE would be compatible with current maintenance practices in power 
plants. As an example, 82.9% of the respondents agreed/strongly agreed that HFE 
would be compatible with their organization’s maintenance objectives. Whereas, 68.6% 
of respondents agreed/strongly agreed that human factors would be compatible with 
their company’s current maintenance practices. Researchers support the idea that if the 
innovative intervention can be incorporated and synchronized with the company’s 
existing practices, there is a high probability of its dissemination or full use 
(Damanpour and Magelssen, 2015). Therefore, this high perception of HFE being 
compatibility with current maintenance practices in power plants serves as indication 
that generally power plants can readily welcome the use of HFE. Elder et al. (2001) 
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indicates that the establishment of a number of procedures that clearly link the HFE 
requirements and approaches to the objectives of the various phases of the engineering 
process results in better usage of HFE principles. 
 
6.4.3. COST  
 
It was clear from the results that respondents generally believe that cost would have 
moderate hindrance on the adoption of HFE in power plants. For an example 50% of 
respondents agreed/strongly agreed that tight budgets would hinder the adoption of an 
improvement intervention. The reason respondents did not rate cost as an extreme 
obstruction to adoption of HFE could be attributable to the respondents’ high positive 
rating of relative advantage. This is supported by Downs and Mohr (1979); Ngah et al. 
(2014) who noted that companies can readily make use of an innovative intervention 
when there is a perception that advantages of using it outranks its cost. Hence, power 
plants would find a way to budget for an intervention even if there are tight budgets or 
the intervention seem costly as long as benefits are great. Only when it comes to the 
use of specialists/consultants where respondents believed that cost constraint would 
definitely obstruct the use of HFE specialists/consultants. For an example, 72.9% of 
respondents agreed/strongly agreed that tight budgets would restrict the use of HFE 
specialists/consultants. It should be noted that for adequate dissemination of HFE, often 
times the involvement of HFE specialists is required. IAOGP (2011) clearly indicates 
that for complex projects it may be necessary to seek support from an HFE specialist 
specifically if the organisation is unfamiliar with the integration of HFE into 
engineering processes. Thus, power plants who intend to use HFE should make 
provisions to seek advice from an HFE specialist specifically in the initial stages of 
adoption.  
 
6.4.4. MANAGEMENT  
 
The results revealed that management would be moderately committed to the adoption 
of HFE. For an example, 55.7% of respondents agreed/strongly agreed that their 
management would be committed to the adoption of a new intervention. Whereas, 50% 
agreed/strongly agreed that their management would provide resources to support a 
new intervention and would improve their skills to support a new intervention. Since 
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these perceptions that management would be committed to a new intervention are 
average, it shows that power plants who intend to use HFE need to do a bit of work in 
seeking management’s buy in. Authors such as Slevin and Pinto (1986) and Bader 
(2017) support that at the initial phases of any project, the critical factor to predict 
project success is top management support. Solomon et al. (2017), suggests that 
continuous improvement should pay attention on issues related with leadership and 
communication, despite of the level of the organisation. When it comes to maintenance 
quality and improvement, 77.2% of respondents agreed/strongly agreed that their 
management is committed to maintenance quality and improvement. In the study by 
Solomon et al. (2017), focusing on quality using a case study of Eskom a major role 
player in South African power industry, top management commitment to continual 
improvement was rated high. Thus, those who intend to adopt or are influencing the use 
of HFE need to demonstrate to management how the adoption of HFE would contribute 
to maintenance quality and improvement.  
 
6.4.5. EMPLOYEE ENGAGEMENT  
 
Employee engagement was found to be very low among participants of power plants 
who responded in this study. For an example, 32.9% of respondents agreed/strongly 
agreed that in their organizations, employee’s suggestions are listened to. Whereas 
41.4% agreed/strongly agreed that employees are empowered to make suggestions on 
improvements. This low perception on employee engagement would be a hindrance to 
the use of HFE in power plants. Promoting awareness, involvement, participation and 
proper communication at all HFE levels are key to successful management and 
development of HFE (McCafferty, 2002; Rasmussen, 2013). Thus, power plants who 
intend to use HFE need to work really hard on improving employee engagement in their 
power plants. This would not only be beneficial to the use of HFE but the entire 
maintenance performance. In the survey by Peach et al. (2016), motivation was 
regarded as the second highest crucial maintenance human factor that has an effect on 







6.4.6. STRATEGIC PLANNING  
 
Based on the results, the strategic planning construct had more positive responses. This 
means that a major proportion of respondents perceive that their power plants have 
adequate strategic planning. For an example, 74.3% of respondents agreed/strongly 
agreed that their organizations set clear process/maintenance objectives. Furthermore, 
75.5% of respondents agreed/strongly agreed that their organizations provide clear 
guidelines and procedures to employees. This high perception on strategic planning 
indicates that generally power plants would not struggle with the preparation for use of 
HFE. McCafferty (2002) indicated that management should establish HFE 
incorporation vision and mission statements, clear objectives, well defined 
responsibilities for planning and attaining objectives. Since strategic planning should 
also ensure the provision of finances, only 58.6% of respondents agreed/strongly agreed 
that their organizations provide adequate financial support for its processes. Hence, 
power plants who intend to adopt HFE need to really work in strategizing in sourcing 
and providing financial support. This should also be looked at in conjunction with 
benefits of HFE so as to motivate the adoption of HFE despite the financial Finally, the 
successful execution of strategic plans is dependent on the commitment of top  
management (American Bureau of Shipping, 2014). Hence, those who intend to adopt 
HFE should seek the buy in from management in order for the strategic planning to 
adequately provide for diffusion of HFE. 
 
6.4.7. KNOWLEDGE  
 
Based on the results all six items that measured the knowledge construct had more 
positive responses. For an example, 74.3% agreed/strongly agreed that acquiring new 
knowledge is supported in their organizations and also that their organizations believes 
in continuous on-the-job training. This perception that power plants value new 
knowledge and believe in continuous on-the-job training provides a basis for supporting 
training should power plants intend to adopt HFE. In the survey by Peach eta al. (2016) 
competence (skill level) was regarded the utmost crucial maintenance human factor that 
influences maintenance performance. So, provision of training relevant to HFE would 
enable power plants to fully disseminate HFE. This is supported by Vanderheiden and 
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Tobias (2000) who stated that specific knowledge and the tasks of personnel promoting 
HFE approach have positive influences on the use of HFE. 
 
6.4.8. ORGANIZATIONAL CULTURE   
 
The focus of this construct was on the culture of power plants with regard to change 
management as one of the critical features of organisational culture. The organisational 
culture of power plants with regard to change management was rated low.  For an 
example, only (35.8%) of respondents agreed/strongly agreed that their organizations 
promote effective management of change. Furthermore, 47.1% of respondents 
agreed/strongly agreed that their organizations promote a culture that is flexible to 
process changes. In the study by Pinder (2015) it was revealed that inadequate 
organisational cultures serve as a barrier to use of HFE. Hence, power plants who intend 
to use HFE need to work really hard on improving their organisational cultures 
especially with regard to change management and communication. It was also noted 
that 55.8% of respondents agreed/strongly agreed that their organisation promotes an 
effective communication of changes. This is consistent with the results in a study by 
Solomon et al. (2017), focusing on quality using a case study of Eskom a major role 
player in South African power industry, where 57.2% of respondents agreed/strongly 
agreed that ‘open and honest communication is part of Eskom’s culture’. It is further 
stated that continuous improvement should pay attention on issues related with 
leadership and communication, despite of the level of the organisation.  
 
6.4.8. READINESS TO ADOPT HUMAN FACTORS ENGINEERING  
 
Jafni (2017) states that the readiness is a crucial element since it refers to or evaluates 
the acceptance of the relevant parties towards the adoption of an intervention. On the 
question of whether HFE principles should be adopted in power plants, a major 
proportion of respondents positively rated the items of the HFE construct.  For an 
example, 81.4% of respondents agreed/strongly agreed that power plants should adopt 
the review, understanding and management of interactions among human and 
equipment to optimize the human well-being and overall system performance. 
Furthermore, 84.3% of respondents agreed/strongly agreed that power plants should 
adopt the review, understanding and management of ways in which the organization, 
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the job, and the individual interact to influence human-machine relationship in 
maintenance of complex systems. These high ratings that HFE principles should be 
adopted in power plants indicate that should power plants decide to adopt HFE 
principles, they will be welcomed.  The HFE specialists or those who wish to influence 
the implementation of HFE in power plants need to exploit these high perceptions on 
the importance of adopting HFE principles.  
 
6.5. DISCUSSION OF TESTING THE CONCEPTUAL FRAMEWORK  
 
It should be remembered that this study is based on the descriptive research 
methodology. Descriptive research was chosen on the basis that this study is the first of 
its kind on the implementation of HFE with the focus on power plants. It was aimed at 
describing the situation in South African power plants to see if they are ready for the 
adoption of HFE by measuring their current practices against the requirements of HFE 
application or use. This is supported by Waliman (2011) who indicates that a 
descriptive study intends to evaluate the status so as to describe the norm. Various 
researchers indicate that this type of a research study is usually guided by one or more 
research questions but often does not follow a formal research hypothesis (Travers, 
1978; Baha, 2016). Hence, this approach is used to describe variables instead of testing 
the predicted relationships among variables and it is not aimed at making predictions 
and identifying the cause and effect (Baha, 2016). On the other hand, Kumar (2011) 
states that the aim of the hypothesis is to bring simplicity, precision and direction to a 
research problem, but it is not mandatory for a research study, which means a rational 
research inquiry can still be performed without formulating a single formal hypothesis. 
Even though there is absence of quantitative data in HFE with regard to maintenance 
of power plants, let alone its formal adoption, the researcher still developed hypotheses 
to guide the study. This section will briefly discuss the testing of the hypotheses to serve 
as a guide for future research to further confirm or reject the hypotheses proposed in 








6.5.1. RELIABILITY AND VALIDITY OF THE CONSTRUCTS  
 
It is important before hypotheses are tested to evaluate the reliability and validity of the 
constructs. The results revealed that all constructs relative advantage, compatibility, 
cost, management, employee engagement, strategic planning, knowledge, 
organisational culture and HFE were reliable. Their Cronbach’s Alpha coefficients 
ranged from 0.813 to 0.930 and they were above 0.7 which is suggested by Nunnally, 
(1978) and Hair at al. (2010) as an acceptable minimum level or lower limit.  
The Kaiser-Meyer-Olkin (KMO) Measure and Batlett’s Test was done to test the 
adequacy of the sample. The sample was found to be sufficient for the results revealed 
a KMO value of 0.710 which is greater than 0.5 suggested as lower limit by (Netemeyer 
and Bearden cited in Ayuni and Sari, 2018; Kaiser, 1974 cited in Pallat, 2010). 
Furthermore, there was a strong correlation structure since the significance of the 
Bartlett's Test is 0.000 which is less than 0.05 proposed as the upper limit by (Daniel 
and Berinyuy, 2010; Yong and Pearce, 2013). 
The exploratory factor analysis was performed to extract factors. All factors proposed 
in the conceptual model were retained. The results showed that all factors with 
eigenvalues of 1 and above were retained as recommended (Kaizer, 1960 cited in Wiid 
and Diggines, 2015; Fabrigar et al., 1999). The cumulative variance of the nine factors 
identified was 79.032% and is considered high since it is higher than the suggested 
adequate cumulative variance of 60% (Hair, et al., 2006). Furthermore, orthogonal 
varimax rotated matrix was used to determine the composition of the constructs. Out of 
37 factor loadings 33 were higher than 0.6 and were considered very strong as suggested 
by (Kline, 2005; Guadagnoli and Velicer, 1988). Now, the remaining four factor 
loadings were above 0.5 which is classified as strong or practically significant (Hair et 
al., 2010; Costello and Osborne, 2005). These findings mean that the constructs of the 
measuring instrument were valid for they measured what they were intended to 
measure. 
 
6.5.2. HYPOTHESIS TESTING OF THE MODEL  
 
The testing of the hypothesis began with the correlation matrix. The results of the initial 
model revealed that the maximum correlation that was noticed among independent 
variables was 0.593 which is good because there was no issue of multicollinearity. 
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Again the maximum correlation observed among independent variables on the final 
model was 0.588) It is clear that multicollinearity did not exist since there are no 
independent variables that were highly correlated at r = 0.9 and higher (Pallant, 2010). 
The study proceeded with the regression analysis to test the main hypothesis of the 
study which is related with the entire model sated as follows: 
 
HM: Human factors engineering determinants which are relative advantage, 
compatibility, cost, management, employee engagement, strategic planning, 
knowledge and organisational determine the readiness to adopt human factors 
engineering.  
 
This hypothesis was supported because the results revealed that R2 of the model 
summary was equal 0.333. It was deemed adequate since it is around 0.3 which is 
regarded as common for cross sectional research studies as suggested by (Sarstedt and 
Mooi, 2014). Furthermore, the ANOVA test, revealed that the entire regression model 
was significant, F (8,61) = 3.670, ρ < 0.05, R2 = 0.325. Lastly, there were two constructs 
cost and compatibility which were found to offer unique variance or best prediction of 
the readiness to adopt HFE. The significance of the model does not indicate that all 
regression coefficients will be significant, but when the model is significant, there is a 
likelihood that at a minimum, one or will be significant (Sarstedt and Mooi, 2014). In 
this study at least two of the regression coefficients were statistically significant.  
 
6.5.3. HYPOTHESIS TESTING OF CONSTRUCTS OF THE MODEL  
 
Then the constructs of the hypothesised model were looked at individually to see if 
there are any constructs that give unique variance or that a predictive power on the 
readiness to adopt HFE. Hence, the following sub-hypotheses were tested:  
 
H1: Relative advantage determines the readiness to implement human factors 
engineering. 
 
This hypothesis was not fully supported because the results of the coefficients of the 
final model indicate that this construct was not statistically significant. Hence, it could 
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not offer unique variance or predictive capacity on its own. Further, investigations are 
required. 
 
H2: Compatibility determines the readiness to implement human factors engineering.  
 
This hypothesis was fully supported because the results of the coefficients of the final 
model indicate that this construct was statistically significant. Hence, it could offer 
unique variance or predictive capacity on its own. However, further investigations are 
required to prove or reject this hypothesis since this study is the first of its kind.  
 
H3: Cost determines the readiness to implement human factors engineering.  
 
This hypothesis was fully supported because the results of the coefficients of the final 
model indicate that this construct was statistically significant. Hence, it could offer 
unique variance or predictive capacity on its own. In this case since it is negative, it 
means the increase in cost constraints there will be a decrease intention to use HFE. 
However, further investigations are required to prove or reject this hypothesis since this 
study is the first of its own. However, another thing that should be noted is that benefits 
can actually allow the implementation to proceed even if it is costly.  According to 
Downs and Mohr (1979) even if there are insufficient resources (owned by the 
organisation or sourced through loans) the equation would still predict innovation 
higher than zero, on condition that the benefits outrank the costs. This necessitate the 
analysis of cost in conjunction with the identification and analysis of benefits.  
 
H4: Management determines the readiness to implement human factors engineering. 
 
This hypothesis was not fully supported because the results of the coefficients of the 
final model indicate that this construct was not statistically significant. Hence, it could 
not offer unique variance or predictive capacity on its own.  
 





This hypothesis was not fully supported because the results of the coefficients of the 
final model indicate that this construct was not statistically significant. Hence, it could 
not offer unique variance or predictive capacity on its own.  
 
H6: Strategic planning determines the readiness to implement human factors 
engineering. 
 
This hypothesis was not fully supported because the results of the coefficients of the 
final model indicate that this construct was not statistically significant. Hence, it could 
not offer unique variance or predictive capacity on its own.  
 
H7: Knowledge determines the readiness to implement human factors engineering. 
 
This hypothesis was not fully supported because the results of the coefficients of the 
final model indicate that this construct was not statistically significant. Hence, it could 
not offer unique variance or predictive capacity on its own.  
 
H8: Organisational culture determines the readiness to implement human factors 
engineering. 
 
This hypothesis was not fully supported because the results of the coefficients of the 
final model indicate that this construct was not statistically significant. Hence, it could 
not offer unique variance or predictive capacity on its own.  
 
It should be noted that since this study is the first of its kind, it was descriptive in nature, 
and it used purposive sampling it inferred and proposes the hypotheses rather than 
proving them. Future studies may focus on using random sampling which is a 
probability sampling method, and larger sample sizes to either prove or reject these 
hypotheses. Another thing that should be noted is that if a construct is not statistically 
significant does not mean it is not an important cause or it is not practically relevant. 
According to Wasserman (2013) when an independent variable is not statistically 
significant or a coefficient is negative does not mean it is not an important cause but 
not a best predictor relative to other variables. Wassetman’s study was about heart 
attack where the blood pressure was not significant in relation to heart attack, but that 
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does not mean that the blood pressure cannot cause heart attack, but on its own cannot 
definitely predict the heart attack. Hence, theoretical and practical relevance of the 
construct is used to retain it within the model, especially since when they are combined 
they are statistically significant. Therefore, power plants that intend to implement HFE 
should look closely into all independent variables but with a special focus on 
compatibility and cost since they were found to the best predictors of readiness to 
implement HFE.  
 
6.6. DISCUSSION OF QUALITATIVE ADDITIONAL COMMENTS  
 
The additional comments were analyzed using qualitative methods. These comments 
would be used to confirm the findings of the quantitative data and explain the 
unexpected findings where possible. There is rich data that was obtained from the 
qualitative additional comments and it will be briefly discussed according to themes 
risen from the comments. This section would have benefited by putting examples of the 
respondent’s comments. However, due to confidentiality and the consent of reporting 
aggregate data, only themes based on the comments will be discussed.  
 
6.6.1. RELATIVE ADVANTAGE  
 
Out of 25 respondents who made additional comments, 44% were in relation with 
relative advantage of adopting HFE. Most of the comments attested that the adoption 
of HFE would provide benefits in power plants. There is also a general perception that 
HFE should show benefits for it to be adopted in power plants. Others indicated that 
they want to learn more about how HFE would benefit their power plants. This is a sign 
that generally, respondents believe that for HFE to be used or adopted their benefits 
should be clearly identified and well communicated or presented to those who intend 
to use HFE. As highlighted under quantitative discussions, authors such as Alshamaila 
and Papagiannidis (2013) support that innovative interventions that have advantages or 
greater benefits than current practices are likely to be disseminated or have improved 
use. Specifically to HFE, Wilson et al. (2007) indicate that, HFE progressively works 
at a system’s level due its contributions. In other words, its contribution is the one that 




6.6.2. COMPATIBILITY  
 
Out of 25 respondents who made additional comments 20% were related with 
compatibility of HFE with maintenance practices. There us a belief that HFE would be 
compatible with the current maintenance practices in power plants.  Some comments 
were emphasizing that it is important when adopting HFE to be compatible with the 
current processes. According to Rogers (2010), organizations that perceive that the 
innovative intervention will be compatible with the organizational requirements, 
current values and experiences are likely to adopt that particular innovative 
intervention.  
 
6.6.3. COST  
 
Out of 25 respondents who made additional comments 16% made comments that were 
related with cost constraints. It is a very little percentage of those who made comments 
however, there is an indication that cost would impact the adoption of HFE. Some of 
those who made comments believed that tight budgets would not be detrimental on the 
intention to use HFE as long as benefits are properly presented to senior management. 
They would always make means to fund such interventions. Some used perfect 
examples where management implemented some interventions even though they were 
costly but because of benefits they proceeded. As stated under quantitative discussions, 
Downs and Mohr (1979) and Ngah et al. (2014) noted that companies can readily make 
use of an innovative intervention when there is a perception that advantages of using it 
outweighs its cost. So those who intend to implement HFE in power plants should do a 
proper cost-benefit analysis and adequately present it to senior managers. 
  
6.6.4. MANAGEMENT  
 
Out of 25 respondents who made additional comments, 24% of respondents’ comments 
were related with management. Now, any new intervention or innovative intervention 
should be driven at or strongly supported by top management level. Respondents 
believe that HFE adoption should be driven at the top management level. Some of those 
who made comments believe that there is lack of some management skills. As much as 
they are not specific since some said it is poor management, but it is concerning since 
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the adoption of HFE requires adequate management skills such as proper change 
management and employee engagement. If there are inadequate management skills to 
support the adoption of HFE, it is likely that HFE would not be used or those that adopt 
it would not leverage on its full benefits. For it is known that, at the initial phases of 
any project, the critical factor to predict project success is top management support 
(Slevin and Pinto, 1986 as cited in Bader, 2017). 
 
6.6.5. EMPLOYEE ENGAGEMENT  
 
Out of 25 respondents who made additional comments 12% of respondents made 
comments related with employee engagement. This is low percentage however, key 
information was derived from these comments. There is a belief that management that 
engages employees and has a clear vision would drive the adoption of HFE that will 
yield great results. Many feel that management in their power plants is not adequately 
engaging employees when changes are implemented or when they intend to implement 
changes. This is a serious concern since the use or adoption of HFE is dependent on 
employee engagement since it alters how they execute their duties. Power plants that 
intend to implement HFE should consider the improvement of management skills with 
regard to employee engagement. Authors such as McCafferty (2002) and Rasmussen 
(2013) support that, promoting awareness, involvement, participation and proper 
communication at all HFE levels are key to use and development of HFE. 
 
6.6.6. STRATEGIC PLANNING  
 
Out of 25 respondents who made additional comments, as small as 4% of respondents’ 
comments were associated with strategic planning. Relatively, only one person made a 
comment that is related with planning which is also very crucial to take into 
consideration. Some suggest that there are times where changes are not done following 
proper planning which then create some problems for power plants. This is concerning 
since modifications introduce changes that need serious attention for if they are not 
adequately handled they may introduce latent errors that would lead to serious active 
failures at a later stage. Thus it should be examined and looked closely by power plants 
who intend to use HFE, since strategic planning is key in the transitioning process and 
for identification of barriers that need to be removed. Pinder (2015) and Elder et al. 
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(2001) support the idea that the development of a set of distinct procedures linking HFE 
activities and approaches to the objectives of the various phases of an engineering 
process serve as promoters in the use of HFE.   
 
6.6.7. KNOWLEDGE   
 
Of the 25 respondents who made additional comments, 24% of respondents’ comments 
were related with management. It was revealed that that power plants do promote 
education which is part of increasing knowledge. This is good since the use of HFE 
requires new knowledge and continuous learning and training. Authors such as 
Vanderheiden and Tobias (2000) believe that specific knowledge and the tasks of 
personnel promoting HFE approach could have positive influences on the use of HFE. 
Respondents also showed interest in learning more about HFE since this would increase 
their awareness and understand how it can benefit the power plants. Power plants that 
intend to use HFE should leverage on the willingness to learn about HFE. However, as 
indicated under organizational culture, they will have to be strategic in their transition 
strategy for it is alluded that experienced employees are reluctant to change.  
 
6.6.8. ORGANIZATIONAL CULTURE  
 
This was followed by 36% related with organizational culture. There is a perception 
that an organizational culture that supports proper management would assist in adoption 
or successful use of interventions. This is supported by IAOGP (2011) which indicates 
that, since HFE requirements are integrated into existing technical requirements, an 
adequate change management process should be established to create a balance and 
smooth link between the activities. Some respondents who commented touched on the 
issue of experienced workers being resistant to change. Power plants need to pay 
attention to the issue of unwillingness or resistance to change for it can hinder the use 
and dissemination of HFE. Timmons et al. (2014) supports this by saying that cultures 
and practice, unwillingness to change ways of working, poor communication and 






6.6.9. INTENTION TO USE HFE 
 
There are some respondents who made comments that are related with the intention to 
use and use of HFE in power plants. They indicate that HFE is important and should be 
improved in their power plants. There are comments that are an indication that 
respondents are willing to see the adoption of HFE with the hope that it will improve 
their current processes. HFE specialists and those who are willing influence the 
implementation of HFE in power plants needs to take these into consideration. Now, 
the reason for lack of adaption even though they show the sign of willingness could 
attributable to lack of awareness on HFE application and benefits for using it.  
 
6.7. FINAL CONCEPTUAL MODEL  
 
After the statistical analysis was done and all necessary test were complemented and 
with the aid of qualitative comments the following conceptual model is proposed to 
assess the readiness to adopt HFE in power plants. This can be done by assessing the 
current practices in power plants and benchmark the results with the ones obtained in 





































Figure 6. 1: The final conceptual model of readiness to adopt HFE 
 
6.8. SUMMARY  
 
This study reported a number of factors that can have an influence on the 
implementation of HFE, specifically in maintenance of South African power plants. 
This section specifically presented discussions on the constructs used to assess the 
readiness to adopt HFE in power plants. The constructs of the measuring instrument 
were found to be reliable without issue of internal inconsistency. They were also tested 
for validity and were found to the valid meaning they were able to test what they were 
intended to test.  
The hypotheses were tested and the main one related with the entire model was 
supported since the model was found to be significant when tested using ANOVA test. 
Also two of its constructs were found to be statistically significant, that is compatibility 
and cost when they assessed using regression analysis. However, relative advantage, 
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Cost  
Management  
Employee Engagement  
Strategic Planning   
Knowledge   








management, employee engagement, strategic planning, knowledge, and organizational 
culture were not statistical significant. This means they could not give unique variance 
or predict intention to use HFE on their own unless they are combined with others in 
the model. It should be remembered that statistically significance does not mean 
importance or practical relevance but it is more related with randomization to indicate 
whether the results were obtained by chance or not. It is also about the confidence to 
generalize the results across similar settings rather than being restricted to only the case 
power plants or the selected setting. Qualitative results based on additional comments 
were also analyzed and discussed. They revealed very useful data to supplement the 
statistical results obtained using closed questions. Then, the final model for determining 




































CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS 
 
7.1. OVERVIEW   
 
The main aim of this study was to identify and analyse factors that influence the 
readiness use or adopt HFE in maintenance of power plants. Thereafter, develop a 
conceptual framework for determining the readiness to implement HFE in maintenance 
of power plants.  One question was formulated with an intention to narrow down the 
centre of interest and distinguish the applicable literature and the nature of data to be 
collected. To recap, the question was stated as follows: 
 
What are the factors that determine the readiness to implement human 
factors engineering (HFE) in maintenance of power plants? 
 
To answer this question, the literature was reviewed to identify factors that influence 
the adoption of HFE. However, there was little that was found to be directly related 
with HFE implementation. There were no readily available general guidelines or 
frameworks for facilitating the implementation of HFE specifically in maintenance of 
power plants. Then, the focus was directed on factors that are regarded as important 
features when using or applying HFE. The literature revealed a number of studies 
prepared for aviation industry, but there was a slow pace in other industries including 
power plant industry which is the context of this study. The factors that were identified 
as key requirements for better management of human factors or reduction of human 
errors were grouped as HFE success factors. Now, since the study in the implementation 
of HFE is in its infancy, the attributes of implementation science generally used in 
healthcare interventions and innovation diffusion theory generally used in technology 
dissemination were consulted. The dimensions that were found from these theories that 
were relevant to HFE were then integrated with HFE success factors to create the 
readiness criteria for HFE implementation. Another reason for using innovation 
diffusion theory is because there is a current drive to Fourth Industrial revolution, hence 
solutions that are created should be compatible with principles for supporting the 
integration of latest technologies. The shortlisted factors that determine the readiness 
to implement HFE were relative advantage, compatibility, cost, management, employee 
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engagement, strategic planning, knowledge and organisational culture. These factors 
were examined for validated to see if they measured what they are designed to measure 
and they were all retained through the exploratory factor analysis and rotated varimax 
matrix.     
Based on the research question a number of objectives were formulated for the purpose 
of determining the relevant information related to what the study aimed to measure and 
the information necessary to make recommendations. To recap, the research objectives 
were stated as follows: 
 To establish the status of HFE implementation in maintenance of South African 
power plants.  
 To evaluate the perceptions of maintenance personnel from South African 
power plants with regard to the importance of implementing HFE.  
 To develop, test and validate the conceptual model built upon various factors 
for assessing the readiness to implement HFE in power plants. 
 To determine the predictive capability of each model construct in predicting the 
readiness to implement HFE on its own.  
 To describe the current situation in South African power plants with regard to 
the readiness to implement HFE in maintenance.  
 
With regard to the first objective, the study was able to establish that most power plants 
in the South African industry have not adopted the HFE principles. For an example 
89% of respondents indicated that their power plants have not adopted HFE principles. 
This is a serious concern since power plants as complex and critical socio-technical 
systems need HFE for enhancement of their maintenance performance, thereby 
improving system efficiency and human wellbeing. With regard to the second objective, 
the study was able to establish that most respondents in power plants believe that it is 
important to implement HFE. This serves as a foundation for HFE specialists or those 
who intend to adopt or influence the adoption of HFE in South African power plants.  
The third, fourth and fifth objectives are addressed in the following conclusions of the 





7.2. CONCLUSIONS ON MAIN FINDINGS AND RECOMMENDATIONS 
 
7.2.1. CONCEPTUAL MODEL AND HYPOTHESES TESTING  
 
After the constructs of the measuring instrument (questionnaire) were tested for 
reliability and validity, then the correlation and regression analysis were conducted to 
test the adequacy of the model and the hypotheses of the study.  
The model was a combination independent variables which are relative advantage, 
compatibility, cost, management, employee engagement, strategic planning, 
knowledge, organizational culture and the dependent variable which is readiness or 
willingness to implement HFE. The exploratory factor analysis and the varimax rotated 
matrix revealed that all proposed factors of the model were retained. This means that 
the constructs of the measuring instrument were able to measure what they were 
designed to measure. 
The main hypothesis which was related with the combination of the independent 
variables being able to simultaneously predict the dependent variable was supported 
since the test revealed that the model was statistically significant. Furthermore, the 
coefficients results which assessed the statistical significance of each construct in a 
combined model were analyzed. It was discovered that compatibility and cost were 
statistically significant, meaning that on their own they could predict the readiness to 
adopt HFE. While, relative advantage, management, employee engagement, strategic 
planning, knowledge and organizational culture were not statistically significant which 
means they did not give a unique variance on their own. It should be noted that 
statistically significance does not mean practical relevance and theoretical importance 
but whether a construct on its own can predict the outcome. Therefore, power plants 
that intend to implement HFE should look closely into all independent variables but 
pay special attention on compatibility and cost since they were found to the best 
predictors of readiness to implement HFE on their own within the context determined 
in this study. All the constructs played a major role in describing the situation in power 
plants with regard to their readiness to implement HFE. Now, since this study was the 
first of its kind, further studies can build up on it and be more experimental to further 
test the hypotheses and the cause and effect. This study was descriptive in nature, 
therefore the main aim was not to prove or disprove the hypotheses but to infer and 
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propose them. Thus, the next sub-sections are bringing conclusions on what the 
descriptive analysis unearthed and then make recommendations.  
 
7.2.2. RELATIVE ADVANTAGE  
 
Relative advantage is one of the crucial factors that influence the adoption of innovative 
interventions. The perception that the adoption of HFE would yield great benefits was 
high. This serves as basis for the adoption of HFE in power plants since it is believed 
that if an innovative intervention produces benefits that are greater than the current 
practices, they are likely to be adopted. Thus, it is recommended that those who intend 
to adopt HFE familiarize themselves with the benefits of HFE and better communicate 
them with relevant stakeholders within the organization, especially the executive 
management. 
 
7.2.3. COMPATIBILITY  
 
It is very important to ensure that when you propose an innovative intervention, it is 
compatible with the current practices within the organization. Those who intend to 
adopt HFE in power plants can rely on the high perceptions that HFE will be compatible 
with maintenance of power plants. It is generally believed that if an innovative 
intervention can be harmoniously synchronized with existing processes, there is 
likelihood that it will be fully disseminated. So, it is recommended that those who 
intend to adopt HFE gain understanding of how HFE can be harmoniously integrated 
with current practices and initiatives. They should also engage those who will be 
affected by the adoption of HFE to ensure that they also understand the compatibility 
of HFE with existing maintenance practices. 
 
7.2.4. COST  
 
Generally, the adoption of HFE is hindered by tight budgets of the organization and 
maintenance processes. The perception that cost constraints would obstruct the 
adoption of HFE were average. The initial expectation was that many respondents 
would rate cost constraints as a major hindrance to the adoption of HFE. However, 
based on the qualitative analysis of additional comments it was clear that some believe 
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that when an innovative intervention demonstrates great benefits, there will always be 
a way to fund its implementation.  Hence, these results seem to have been shaped by 
high perceptions that HFE would yield great benefits. Now, when it comes to the use 
of HFE specialists, a great proportion of respondents believed that cost constraints 
would hinder the use of HFE specialists. It is then recommended that those who intend 
to use HFE gain understanding of the importance of using HFE specialists. This is 
because it is easy to confuse HFE with current and old activities like quality 
management and health and safety, then resulting in not fully realizing the benefits of 
HFE adoption. Lastly, benefits of HFE adoption should be adequately quantified and 
presented so as to ensure that, even if there are tight budgets HFE can still be adopted.  
 
7.2.5. MANAGEMENT  
 
Management commitment is one of the important factors influencing the use of HFE. 
The perceptions related with management commitment were average. This indicates 
that power plants may suffer resistance to adopt HFE from some of those in 
management. However, management commitment was rated high when it comes to 
maintenance quality and improvement. So, it is recommended that those who intend to 
implement HFE should properly demonstrate to management as to how will HFE 
contribute to maintenance quality and improvement. They should also make well-
structured presentations to management with regard to benefits of HFE adoption and 
also indicate how it is compatible with current maintenance processes. 
 
7.2.6. EMPLOYEE ENGAGEMENT 
 
Employee engagement is one of the critical factors that is advocated for proper use and 
full dissemination of HFE principles. The perceptions of employee engagement were 
very low among the respondents from the South African power plants. This can present 
a challenge for power plants who intend to use HFE, since they might find resistance 
or insufficient commitment from maintenance personnel. It is recommended that 
management should continuously engage employees when making major decisions 
such the adoption of HFE. They should also communicate the intended changes to 
employees and pay attention to concerns of employees who might be affected by the 
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use of HFE. Lastly, the employees should be motivated or empowered to make 
suggestions when it comes to adoption of improvement initiatives. 
 
7.2.7. STRATEGIC PLANNING  
 
Strategic planning is a very crucial factor in the adoption of HFE, since it is about the 
organization’s direction, decisions and provision of resources to support an initiative. 
The strategic planning was rated high by respondents. So those who intend to 
implement HFE in power plants can exploit this current situation as a foundation of 
HFE dissemination. The recommendation is that during the adoption of HFE, power 
plants should maintain adequate strategic planning techniques that allow for smooth 
transition. They should also ensure that adequate budgets are established to support the 
adoption of HFE. If it seems expensive or having a potential to heavily affect the budget 
of maintenance, they can plan to introduce HFE section by section e.g. boiler section, 
depending on which section they regard as a priority.  During strategic planning strong 
communication channels should also be set up to emphasize the objectives of HFE, 
roles of stakeholders and key focus areas. 
 
7.2.8. KNOWLEDGE  
 
The organization that wishes to adopt and use HFE needs to develop clear and adequate 
training goals that support the acquisition of adequate and relevant knowledge. The 
perception that the acquisition of new knowledge is supported in South African power 
plants was high. Now, those who intend to adopt HFE in power plants can bank on this 
current status that gaining new knowledge is supported in power plants. It is 
recommend that power plants that need to adopt HFE should expand knowledge and 
awareness of its employees on HFE principles. They should not only gain knowledge 
on how HFE works but also how to reap sufficient benefits from using HFE. This can 
be done by contemplating on historic success stories of organizations that have adopted 
HFE and by examining the challenges they faced when initially introduced HFE. 
Knowledge about an intervention is placed as the first level in the innovation diffusion 
theory. This means that even if all other factors give a green light for the adoption of 




7.2.9. ORGANIZATIONAL CULTURE  
 
Organizational culture is also one of the crucial factors that influence the application of 
HFE. Good organizational cultures support change, whereas bad organizational 
cultures become a hindrance to change. The focus of this study on organizational 
culture was on change management. The perception that the organizational culture in 
power plants supports change management was low. So, since HFE depends on good 
change management this may pose challenges for power plants that intend to adopt 
HFE. It is then recommended that power plants that intend to adopt HFE should create 
a culture that adequately embraces change, allows for employee engagement and 
support personal development. Furthermore, the organizational culture should support 
good communication at all levels of the organization to ensure full dissemination of 
HFE. 
 
7.2.10. READINESS TO USE HUMAN FACTORS ENGINEERING  
 
The willingness to adopt HFE in South African power plants among respondents was 
very high. The high perception on willingness to implement HFE serves as an 
opportunity for those who intend to implement HFE in power plants. The HFE 
specialists or those who wish to implement HFE in power plants need to exploit these 
high perceptions on the adoption of HFE principles.  It is recommended that whether 
HFE is adopted for a section or entire power plant, it should be fully disseminated and 
continuously used so as to leverage on full benefits of adopting it.  
 
7.3. CONTRIBUTIONS OF THE STUDY  
 
This study made contributions to theory, practice of HFE and practical application of 
HFE in maintenance power plants. The following sub-sections give a detailed outline 
of how this study made these contributions.  
 
7.3.1. CONTRIBUTION TO THEORY AND PRACTICE OF HFE 
 
This study made a considerable contribution to the knowledge domain of HFE 
implementation. The literature review revealed that there was an absence of formal 
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guidelines to assist organizations that intend to adopt HFE. The study unearthed factors 
that have an influence on the use of HFE and arranged them as a readiness criteria. They 
were then integrated with some attributes of innovation diffusion theory which is used 
for technology dissemination and implementation science which is used in healthcare 
interventions. The use of these theories from different fields was based on the nature of 
HFE that it is complex and multidisciplinary. A new measuring instrument was 
developed to assess the readiness to implement HFE in power plants.  
 
The study also developed and successfully tested a conceptual model for determining 
the readiness to implement HFE in power plants. This is part of the great strides made 
towards the advancement of the topic of HFE implementation. Based on this, some 
hypotheses were developed and are proposed for future investigation since this study 
was the first of its kind and there were lack of previous similar studies let alone 
quantitative methods. 
 
7.3.2. PRACTICAL CONTRIBUTION TO POWER PLANTS    
 
This study provides a general guide to power plants that intend to adopt HFE or HFE 
specialists that aim to propose HFE to power plants specifically in South Africa or 
similar settings. This is a great contribution since literature review revealed that the 
other reason for the slow pace in the adoption of HFE, is the absence of roadmaps or 
guidelines. Now, the readiness criteria presented in this study is very important since 
the initial step of strategic planning for the adoption of a new innovative intervention 
is to determine the readiness of the organization to adopt the intervention. This guide is 
more useful to those power plants that intend to adopt or who are at the transitioning 
stage.    
 
This study was descriptive in nature and it was aimed at describing the current situation 
in South African power plants with regard to readiness to adopt HFE in maintenance. 
Hence, the study contributed with great insights or knowledge and made vast 
recommendations for power plants. These recommendations are not only beneficial to 
HFE adoption but even to improvement of current maintenance practices since it 
assessed the current maintenance practices against the requirements of HFE to see if 
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power plants were ready for the adoption of HFE. Thus, they can use these 
recommendations to improve their maintenance practices.  
 
The study also revealed challenges that are faced by South African power plants with 
regard to their maintenance practices and readiness to implement HFE. This can assist 
power plants to prioritize their efforts in removing roadblocks that prevent the adoption 
of HFE and hinder successful maintenance performance.  
 
Lastly on the practical contribution, this study also made a contribution in revealing the 
importance of adopting HFE in power plants. It relied on the feedback from experienced 
and knowledgeable informants who are directly involved in maintenance and those who 
support maintenance on case by case such as technical projects.   
 
7.3.3. CONTRIBUTION TO ACADEMIA  
 
The findings of this study including the conceptual model can be used by academic 
institutions who are interested in integrating them into their curriculum. It can also be 
incorporated in their modules or chapters specifically in human factors engineering, 
maintenance engineering, mechanical engineering, industrial engineering, engineering 
management and others.  
 
Since this study was the first of its kind in HFE implementation, it made contribution 
by setting an agenda for future research and creating a platform for debate in the field 
of HFE, engineering management and maintenance engineering. Researchers from 
academia can assess other settings or even power plants at greater scale using 
probability methods or using case studies building upon the foundation of this study.  
 
There were hypotheses that were proposed and tested in this study. Again since it was 
the first of its kind and there were no previous quantitative studies on such research. 
Another thing is that, the study was descriptive in nature, so it proposes these 






7.4. RECOMMENDATIONS FOR FUTURE RESEARCH  
 
This study, like any other research study, has been limited to the scope specified in this 
study, time, budget and geographical context. Thus, the following recommendations 
can be made for future research:  
 
This study derived its empirical data from power plants in the South African context. 
Thus, it is recommended that in future, a similar survey be conducted using a wider 
scope of power plants such as global context or to look into developed states that have 
a different setting compared to the setting of this study. It can also be extended beyond 
power plants to other industries.   
 
The study was cross-sectional in nature, meaning that the study sample population was 
contacted only once and there were no follow up surveys. Thus, future studies can try 
to use longitudinal time horizon to establish the cause and effect more expressly. The 
future studies can further prove or disprove the hypotheses proposed in this study to 
widen the conversation and debates in the HFE and implementation domain.  
 
Majority of power plants in which respondents are involved have not implemented 
HFE. Thus, future studies can also be conducted in the power plant industry by using a 
case study of one or more power plants that have fully disseminated HFE and leveraged 
the benefits of adopting HFE. It would be interesting to see how this or these power 
plants that have fully adopted HFE respond to similar questions that were asked to 
participants of this study. One might look at this by determining the statistical 
difference between adopters and non-adopters.  
 
There was a call from participants to do further studies specifically surveys that focus 
on the benefits of HFE. Thus, it would be interesting to see a study that focusses solely 
on extracting and quantifying the benefits of HFE for the purpose of influencing power 
plants and other industries to consider the adoption of HFE in their technical processes 
including maintenance.  
 
Based on the findings of this research study, the guidelines illustrated in Table 7.1 
below can be used or applied by South African power plants: 
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Table 7. 1: The proposed guidelines for HFE implementation readiness  
Objectives HFE Readiness 
Relative Advantage 
 Being aware of the value of HFE 
adoption and understand the benefits 
that HFE inclusion offers beyond the 
current practices.   
The organization would be ready for HFE adoption if 
management and workers see value in adopting HFE and 
believe that HFE would lead to. 
 Better management and reduction of human errors  
 Improved maintenance performance and quality 
 Enhanced good worker and machine/technology 
relationship 
 Reduction in breakdowns or unplanned shutdowns 
 Measurable benefits including cost reductions 
Compatibility 
 Ensuring that management and 
workers see the possibility of 
synchronization or harmonization 
with the company’s existing 
processes and practices.  
HFE readiness means that management and workers must see 
the possibility of synchronization or harmonization with 
existing company’s processes and practices. They must 
believe that HFE would: 
 Be compatible with the organization’s maintenance 
objectives 
 Be compatible with the company’s maintenance activities  
 Create changes that are compatible with company’s 
maintenance practices  
 Be compatible with the company’s current maintenance 
practices 
Cost 
 Clearing doubts through proper 
cost/benefit analysis that can prove 
that benefits of adopting HFE 
outranks   the cost of adopting it.  
Proper cost/benefit analysis can prove that benefits of 
adopting HFE outrank   the cost of adopting it. But if it is not 
properly done, it would serve as a hindrance to  HFE 
adoption, since management and workers would believe that:  
 Tight budget hinders the adoption of an intervention  
 Financial losses hinder the adoption of a new intervention  
 Perception that there is little financial added benefit hinder 
adoption of an intervention  
 Tight budget restrict the use of specialists/consultants  
 Cost saving restricts the provision of additional training 
and resources  
Management 
 Committed to the adoption of HFE 
through provision of guidance, 
resources and training required for 
successful attainment of HFE 
outcomes.    
The organization would be ready for HFE adoption if 
managers:  
 Commit to adoption of a new intervention  
 Improve their skills to support a new intervention  
 Provide resources to support a new intervention 
 Support training on new improvement concepts 
 Commit to maintenance quality and improvement 
Employee Engagement 
 Continually engaging employees so 
as to commit to change associated 
with the adoption of HFE. 
Employees would be ready to commit to change associated 
with the adoption of HFE if:  
 Management engages employees when making major 
decisions 
 Management communicates decisions effectively with 
employees  
 Employee’s suggestions are listened to  
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 Employees are empowered to make suggestions on 
improvements 
 Changes suggested by employees are usually examined 
and implemented 
Strategic Planning 
 Ensuring that the organization’s 
strategic planning process is efficient 
and effective to support the adoption 
of HFE.  
The organization’s strategic planning process would be ready 
for the adoption of HFE if managers:  
 Set clear process/maintenance objectives  
 Set clear roles and responsibilities for its employees  
 Provide clear guidelines and procedures to employees 
 Clearly communicate maintenance objectives and changes  
 Provide adequate tools and resources for its processes  
 Provide adequate financial support for its processes   
Knowledge 
 Enhance the knowledge of 
management and workers through 
HFE training and education.  
HFE success relies of HFE specific knowledge and 
awareness. Thus, the organization would be ready for the 
adoption of HFE if:  
 Acquiring new  knowledge  is  supported in the 
organization  
 Organization believes in continuous on-the-job training 
 Employees are provided with training relevant to an 
intervention  
 Organization provides relevant training to its employees  
 Organization’s employees are willing to be trained on new 
concepts 
Organizational Culture 
 To continually improve the 
organizational culture and change 
management capability to support 
HFE and change.   
The organizational culture especially the features that are 
related with change management determine the readiness to 
adopt HFE. Thus the organization would be ready for HFE 
adoption if:  
 It promotes effective communication of changes   
 It promotes effective management of change    
 It promotes a culture that is flexible to process changes  
 Concerns of employees are considered during intervals of 
change 
 Employees are clearly informed about their roles when 
change is initiated   
Readiness to Implement HFE 
 Demonstrating the willingness and 
eagerness to commit to HFE adoption 
and to adjust to changes associated 
with its adoption.  
 The organization would be ready for HFE implementation 
if management and workers believe that, there is a need for 
HFE adoption.  
 The willingness to adopt HFE would be facilitated by how 
the management and workers feel about HFE’s relative 
advantage, compatibility with current processes and cost 
of adoption.  
 The capability to support change associated with the 
adoption of HFE would be determined by management 
commitment, employee engagement, strategic planning, 
knowledge and organizational culture/change 
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My name is Mfundo Nkosi a Mechanical Engineering doctoral (PhD) student at University of 
Johannesburg. I humbly request your participation by answering my survey questionnaire for a 
doctoral study titled: Implementation of Human Factors Engineering (HFE) Principles in 
Maintenance: A Special Case of Power Plants. The study aims to assess the readiness of power 
plants to implement HFE in maintenance by measuring critical factors.  
 
Voluntary and Risks  
 
Participation in this study is voluntary. Hence, you have a right to withdraw anytime should 
you feel your rights are violated or for any other reason. The survey will be administered 




No incentives will be given for your participation. However, it is assumed that you may have 





Your participation will be handled in a way that is just. You will not be subjected to any acts 
of deception or betrayal during the study or on its published outcomes. 
 
Statement of Consent  
 
I have read and understood this invitation. Hence, I give my consent to participate in this 
research.  
 
Name: ………………….    Signature: ……………….  
 
Your participation in this research be greatly appreciated.  
 
Yours sincerely  
 
 
Mfundo Nkosi (PhD Student) 
University of Johannesburg  
Cell: 081 281 3360 








APPENDIX B: THE SURVEY QUESTIONNAIRE  
 
BACKGROUND INFORMATION  
 
Authors such as Dumitru & Boşcoianu (2015) and Drury (2000) confirm that human 
errors are responsible for between 70-80% of machinery failures of which 20% of these 
failures are committed during maintenance. Now, the premise of human factors or 
human factors engineering (HFE) is that, the nature of human to err cannot be changed, 
but conditions under which human operate can be modelled to reduce the potential to 
err. Kohn et al, (1999) state that HFE examines the relationship between human and 
systems with which they interact by focusing on enhancing efficiency, creativity, 
productivity and job satisfaction, with the goal of reducing errors. Now, the purpose of 
the survey is to measure the dimensions of HFE implementation in maintenance, 
thereby evaluating the readiness of power plants to implement HFE. 
 
This survey should take you 15 to 20 minutes to complete. Please answer the 
following questions to the best of your ability. Thank you for your time and 
participation. 
 
SECTION A:  PERSONAL INFORMATION AND HFE INITIATIVES 
ADOPTION 
 
Q1: Position:    Q2: Section (e.g. 
boiler, turbine) 
    
Q3: How many years have you been 
working in the power plant industry? 
    
Q4: Your awareness 
and understanding of 
human factors 
engineering (HFE) 
Poor   Average   Good   Excellent  
Q5: Has your power plant adopted human factors engineering 
(HFE) principles? 
No    Yes    




     
 
Q7: If NO, based on your understanding of human factors or the 
statement provided in the background, is it important to incorporate 
HFE to improve power plant processes such as maintenance? 






SECTION B: DIMENSIONS OF HUMAN FACTORS ENGINEERING 
IMPLEMENTATION 
 
This section presents a list of statements for measuring your perception towards the 
dimensions of implementation of HFE principles. Please state whether you agree or 
disagree with each statements by crossing (X) on your corresponding answer.  
 
RELATIVE ADVANTAGE  
1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = Strongly agree 1 2 3 4 5 
RA1 Human factors engineering (HFE) would assist in better 
managing and reducing human errors  
     
RA2 Human factors integration would lead to improved maintenance 
performance and quality 
     
RA3 Addressing human factors would ensure good worker and 
machine relationship 
     
RA4 Proper management of human errors would lead to reduction of 
breakdowns or unplanned shutdowns 
     
RA5 Proper management of human errors would lead to measurable 
benefits including cost reductions 
     
 
COMPATIBILITY  
1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = Strongly agree 1 2 3 4 5 
CO1 HFE would be compatible with our organization’s maintenance 
objectives 
     
CO2 Human factors would be compatible with our company’s 
maintenance activities  
     
CO3 Human factors would create changes that are compatible with our 
company’s maintenance practices  
     
CO4 Human factors would be compatible with our company’s current 
maintenance practices  
     
 
COST 
1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = 
Strongly agree 
1 2 3 4 5 
CT1 Tight budget would hinder the adoption of an improvement 
intervention  
     
CT2 Financial losses would hinder the adoption of a new intervention       
CT3 Perception that there is little financial added benefit would 
hinder adoption of an intervention  
     
CT4 Tight budget would restrict the use of specialists/consultants       








1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = Strongly agree 1 2 3 4 5 
MA1 Our management would be committed to adoption of a new 
intervention  
     
MA2 Our managers would improve their skills to support a new 
intervention  
     
MA3 Our management would provide resources to support a new 
intervention 
     
MA4 Our management would support training on new improvement 
concepts 
     
MA5 Our management is committed to maintenance quality and 
improvement  
     
 
EMPLOYEE ENGAGEMENT   
1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = Strongly agree 1 2 3 4 5 
EE1 Our management engages employees when making major 
decisions 
     
EE2 Our management communicates decisions effectively with 
employees  
     
EE3 In our organisation, employee’s suggestions are listened to       
EE4 Employees are empowered to make suggestions on 
improvements 
     
EE5 Changes suggested by employees are usually examined and 
implemented  
     
 
STRATEGIC PLANNING  
1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = Strongly agree 1 2 3 4 5 
SP1 Our organisation sets clear process/maintenance objectives       
SP2 Our organisation sets clear roles and responsibilities for its 
employees  
     
SP3 Our organisations provides clear guidelines and procedures to 
employees 
     
SP4 Our managers clearly communicate maintenance objectives and 
changes  
     
SP5 Our organisation provides adequate tools and resources for its 
processes  
     
SP6 Our organisation provides adequate financial support for its 
processes   










KNOWLEDGE    
1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = Strongly agree 1 2 3 4 5 
KN1 Acquiring new  knowledge  is  supported in our organisation       
KN2 Our organisation believes in continuous on-the-job training      
KN3 Employees would be provided with training relevant to an 
intervention  
     
KN4 Our organisation provides relevant training to its employees       
KN5 Our organisation’s employees are willing to be trained on new 
concepts  
     
 
ORGANISATIONAL CULTURE    
1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = Strongly agree 1 2 3 4 5 
OC1 Our organisation promotes effective communication of changes        
OC2 Our organisation promotes effective management of change         
OC3 Concerns of employees are considered during intervals of 
change 
     
OC4 Employees are clearly informed about their roles when change 
is initiated   
     
OC5 Our organisation promotes a culture that is flexible to process 
changes  
     
 




In your opinion, the review, understanding and management of the following HFE 
principles should be adopted for maintenance performance improvement:  
 
1 = Strongly disagree, 2 = Disagree, 3 = Slightly agree, 4= Agree 5 = Strongly agree 1 2 3 4 5 
HF1 Interactions among human and equipment to optimize the human 
well-being and overall system performance 
     
HF2 Organizational factors that influence behavior that can affect 
maintenance performance and health and safety  
     
HF3 Individual characteristics, which influence behavior that can 
affect maintenance performance and health and safety 
     
HF4 Ways in which the organization, the job, and the individual 
interact to influence human-machine relationship in maintenance 
of complex systems    
     
 




Thank you so much for your time and contribution. It is greatly appreciated.  
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Alpha if Item 
Deleted 
RA1 Human factors engineering (HFE) would assist in better managing and 
reducing human errors  
.816 
RA2 Human factors integration would lead to improved maintenance 
performance and quality 
.817 
RA3 Addressing human factors would ensure good worker and machine 
relationship 
.818 
RA4 Proper management of human errors would lead to reduction of 
breakdowns or unplanned shutdowns 
.841 
RA5 Proper management of human errors would lead to measurable benefits 
including cost reductions 
.813 
CO1 HFE would be compatible with our organization’s maintenance 
objectives 
.885 
CO2 Human factors would be compatible with our company’s maintenance 
activities  
.875 
CO3 Human factors would create changes that are compatible with our 
company’s maintenance practices  
.890 
CO4 Human factors would be compatible with our company’s current 
maintenance practices  
.883 
CT1 Tight budget would hinder the adoption of an improvement 
intervention  
.796 
CT2 Financial losses would hinder the adoption of a new intervention  .799 
CT3 Perception that there is little financial added benefit would hinder 
adoption of an intervention  
.811 
CT4 Tight budget would restrict the use of specialists/consultants  .802 
CT5 Cost saving would restrict provision of additional training  .815 
MA1 Our management would be committed to adoption of a new 
intervention  
.898 
MA2 Our managers would improve their skills to support a new intervention  .910 
MA3 Our management would provide resources to support a new 
intervention 
.886 
MA4 Our management would support training on new improvement concepts .894 
MA5 Our management is committed to maintenance quality and 
improvement  
.930 
EE1 Our management engages employees when making major decisions .920 
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EE2 Our management communicates decisions effectively with employees  .920 
EE3 In our organisation, employee’s suggestions are listened to  .911 
EE4 Employees are empowered to make suggestions on improvements  .902 
EE5 Changes suggested by employees are usually examined and 
implemented  
.912 
SP1 Our organisation sets clear process/maintenance objectives  .851 
SP2 Our organisation sets clear roles and responsibilities for its employees  .836 
SP3 Our organisations provides clear guidelines and procedures to 
employees 
.835 
SP4 Our managers clearly communicate maintenance objectives and 
changes  
.827 
SP5 Our organisation provides adequate tools and resources for its 
processes  
.857 
SP6 Our organisation provides adequate financial support for its processes   .871 
KN1 Acquiring new  knowledge  is  supported in our organisation  .783 
KN2 Our organisation believes in continuous on-the-job training .752 
KN3 Employees would be provided with training relevant to an intervention  .764 
KN4 Our organisation provides relevant training to its employees  .758 
KN5 Our organisation’s employees are willing to be trained on new concepts  .818 
OC1 Our organisation promotes effective communication of changes   .888 
OC2 Our organisation promotes effective management of change    .878 
OC3 Concerns of employees are considered during intervals of change .881 
OC4 Employees are clearly informed about their roles when change is 
initiated   
.880 
OC5 Our organisation promotes a culture that is flexible to process changes  .885 
HF1 Interactions among human and equipment to optimize the human well-
being and overall system performance 
.883 
HF2 Organizational factors that influence behaviour that can affect 
maintenance performance and health and safety  
.885 
HF3 Individual characteristics, which influence behaviour that can affect 
maintenance performance and health and safety 
.875 
HF4 Ways in which the organization, the job, and the individual interact to 
influence human-machine relationship in maintenance of complex 






APPENDIX D: COMMUNALITIES 
Items Initial Extraction 
RA1 Human factors engineering (HFE) would assist in better managing 
and reducing human errors  
1.000 .759 
RA2 Human factors integration would lead to improved maintenance 
performance and quality 
1.000 .688 
RA3 Addressing human factors would ensure good worker and machine 
relationship 
1.000 .688 
RA4 Proper management of human errors would lead to reduction of 
breakdowns or unplanned shutdowns 
1.000 .785 
RA5 Proper management of human errors would lead to measurable 
benefits including cost reductions 
1.000 .813 
CO1 HFE would be compatible with our organization’s maintenance 
objectives 
1.000 .836 
CO2 Human factors would be compatible with our company’s 
maintenance activities  
1.000 .823 
CO3 Human factors would create changes that are compatible with our 
company’s maintenance practices  
1.000 .788 
CO4 Human factors would be compatible with our company’s current 
maintenance practices  
1.000 .821 
CT1 Tight budget would hinder the adoption of an improvement 
intervention  
1.000 .730 
CT2 Financial losses would hinder the adoption of a new intervention  1.000 .773 
CT3 Perception that there is little financial added benefit would hinder 
adoption of an intervention  
1.000 .673 
CT4 Tight budget would restrict the use of specialists/consultants  1.000 .702 
CT5 Cost saving would restrict provision of additional training  1.000 .761 
MA1 Our management would be committed to adoption of a new 
intervention  
1.000 .862 
MA2 Our managers would improve their skills to support a new 
intervention  
1.000 .825 
MA3 Our management would provide resources to support a new 
intervention 
1.000 .898 
MA4 Our management would support training on new improvement 
concepts 
1.000 .832 
MA5 Our management is committed to maintenance quality and 
improvement  
1.000 .727 
EE1 Our management engages employees when making major decisions 1.000 .784 
EE2 Our management communicates decisions effectively with 
employees  
1.000 .778 
EE3 In our organisation, employee’s suggestions are listened to  1.000 .891 
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EE4 Employees are empowered to make suggestions on improvements  1.000 .871 
EE5 Changes suggested by employees are usually examined and 
implemented  
1.000 .835 
SP1 Our organisation sets clear process/maintenance objectives  1.000 .835 
SP2 Our organisation sets clear roles and responsibilities for its 
employees  
1.000 .813 
SP3 Our organisations provides clear guidelines and procedures to 
employees 
1.000 .816 
SP4 Our managers clearly communicate maintenance objectives and 
changes  
1.000 .770 
KN1 Acquiring new  knowledge  is  supported in our organisation  1.000 .722 
KN2 Our organisation believes in continuous on-the-job training 1.000 .683 
OC2 Our organisation promotes effective management of change    1.000 .735 
OC4 Employees are clearly informed about their roles when change is 
initiated   
1.000 .820 
OC5 Our organisation promotes a culture that is flexible to process 
changes  
1.000 .803 
HF1 Interactions among human and equipment to optimize the human 
well-being and overall system performance 
1.000 .823 
HF2 Organizational factors that influence behavior that can affect 
maintenance performance and health and safety  
1.000 .811 
HF3 Individual characteristics, which influence behavior that can affect 
maintenance performance and health and safety 
1.000 .791 
HF4 Ways in which the organization, the job, and the individual interact 
to influence human-machine relationship in maintenance of 
complex systems    
1.000 .873 
 Extraction Method: Principal Component Analysis.   
 
 
 
 
 
 
 
 
 
